Host-parasite relationships of an avian trematode, Plagiorchis noblei Park, 1936 by Blankespoor, Harvey Dale
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1970
Host-parasite relationships of an avian trematode,
Plagiorchis noblei Park, 1936
Harvey Dale Blankespoor
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Zoology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Blankespoor, Harvey Dale, "Host-parasite relationships of an avian trematode, Plagiorchis noblei Park, 1936 " (1970). Retrospective
Theses and Dissertations. 4817.
https://lib.dr.iastate.edu/rtd/4817
71-14,205 
BLMKESPOOR, Harvey Dale, 1939-
HOST-PARASITE RELATIONSHIPS OF AN AVIAN 
TREMATODE, PLAGIORCHIS NOBLEI PARK, 1936. 
Iowa State University, Ph.D., 1970 
Zoology 
University Microfilms, A XEROX Company, Ann Arbor, Michigan 
© Copyright by 
HARVEY DALE BLANKESPOOR 
1971 
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED 
HOST-PARASITE RELATIONSHIPS OF AN AVIAN 
TREMATODE, PLAGIORCHIS NOBIEI PARK, 1936 
by 
Harvey Dale Blankespoor 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Zoology (Parasitology) 
Approved : 
In Chârge of Major Work 
Head of Major Department 
•aduate College 
Iowa State University 
Ames, Iowa 
1970 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
11 
TABLE OP CONTENTS 
Page 
INTRODUCTION 1 
HISTORICAL REVIEW 3 
Genus Plaglorchls 3 
Intraspeclfic Variation l4 
MATERIALS AND METHODS l8 
SUMMARY OP LIPE CYCLE 25 
ADDITIONAL LIFE CYCLE DATA 26 
Eggs and Mlracldla 26 
Cercarlae 27 
Metacercarlae 37 
Adults 43 
DEFINITIVE HOSTS 51 
Natural Infections 51 
Experimental Infections 58 
INTRASPECIFIC VARIATIONS IN ADULTS FROM INDIVIDUALS 
OP A SINGLE HOST SPECIES 68 
Worms of Varying Age 68 
Hosts of Varying Age 71 
Additional Morphological Variations 72 
INTRASPECIFIC VARIATIONS IN ADULTS FROM HOSTS OF 
DIFFERENT SPECIES 8l 
Various Definitive Hosts 82 
IMMUNOLOGICAL CONSIDERATIONS 92 
Intermediate Hosts 92 
ill 
page 
Definitive Hosts 96 
ECOLOGICAL CONSIDERATIONS IO3 
Seasonal Periodicity of Adults 103 
Feeding Habits of Definitive Hosts IO7 
DISCUSSION 117 
SUMMARY AND CONCLUSIONS 120 
LITERATURE CITED 124 
ACKNOWLEDGMENTS 134 
APPENDIX A. COMMON AND SCIENTIFIC NAMES OF VERTEBRATES 
MENTIONED IN TEXT 135 
APPENDIX B. REARING METHODS 143 
APPENDIX C. EFFECTS OF FLATTENING AND FIXATION 151 
APPENDIX D. FOOD DATA 155 
APPENDIX E. PLATES l64 
1 
INTRODUCTION 
TrématodeS of the genus Plaglorchls Lûhe, 1899, more 
than 100 species of which have been described, are intestinal 
parasites found in every class of vertebrates, but particu­
larly in birds and mammals. 
Delineation of species within the genus has traditionally 
been based upon differences in body size, extent of vitellaria, 
size-ratio of suckers to gonads, size and location of the 
cirrus, and position of suckers and gonads. More recently, 
however, experimental studies by Berrle (i960), Pojmanska 
(1967), Watertor (1967) and Kinsella (1969) have demonstrated 
that pronounced variation in size, shape and position of 
suckers and reproductive organs of several families of 
trematodes may be host-Induced. 
Because of the doubtful status of many species of the 
genus Plaglorchls and the unwieldly nature of the genus it­
self, workers have repeatedly indicated the need for experi­
mental data to establish reliable taxonomlc characters. 
The purpose of this study was to examine critically 
host-parasite relationships of 2» noblel Park, 1936, in­
cluding: (1) host-induced variations of adult flukes; (2) 
a survey of naturally Infected intermediate and definitive 
hosts; (3) additional life cycle data; (4) ecological con­
siderations; and (5) immunological considerations. 
Most of this study was conducted during the summers of 
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1967-70 at the Iowa Lakeside Laboratory (West Lake Okoboji) 
where an abundance of naturally infected avian hosts of 
noblei may be obtained (Figure 48). Excellent facilities 
for rearing experimental hosts made it possible to study in 
detail the development of 2» noblei in numerous definitive 
hosts. 
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HISTORICAL REVIEW 
Genus Plaglorchls 
The genus Plaglorchls was erected by Luhe in 1899 and 
emended by Massino (1929) to include certain digenetic 
trematodes located in the intestine of many classes of 
vertebrates, particularly birds and mammals. Characteristic 
features of the genus include the following: spinose body, 
oval to fusiform; acetabulum relatively small, a third of 
the body length or more from the anterior end; oral sucker 
well-developed, followed by prepharynx; esophagus short; 
intestinal crura terminating at or near the posterior end; 
excretory bladder divided into two short trunks between 
ovary and anterior testis; testes diagonal in posterior half 
or middle third of the body; ovary posterior or postero­
lateral to acetabulum; seminal receptacle absent or rudi­
mentary; Laurer's canal present; vitellaria lateral, 
extending from the posterior limits of the body and occa­
sionally as far anteriad as the level of the oral sucker; 
uterus passing between ovary and anterior testis as well 
as intertesticular, reaching nearly to the posterior end 
of the worm; eggs small and numerous; cercarial flame cell 
pattern 2  [(3+3+3) +(3+3+3)]. 
Since the establishment of the genus Plaglorchls, the 
status of many of its species has been doubtful. Numerous 
revisions of the genus and systematic studies of the family 
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Plagiorchlidae have appeared, including those by Massino 
(1929), Mehra (1931), McMullen (1937a), Olsen (1937), 
Federova (1954), Morozov (1955), Bykhovskaia-Pavlovskaia 
(1956), Styczynska-Jurewicz (1962) and Tiraofeeva (1962). 
Other notable contributions on the biology and taxonomy of 
this group include: Pratt (1902), Luhe (1909), Schulz and 
Skworzow (1931), McMullen (1937b), Mehra (1937), Rees (1952), 
Erhardova (1958), Angel (1959), Dollfus (i960), Dubois (i960), 
Gupta (1963), Velasquez (1964) and Mettrick and Dunkley 
(1968). 
Although Looss (1899) erected the genus Lepoderma on 
the same day that Luhe (1899) established the name Plagiorchis 
for the same genus, Braun (19OO) gave priority to the latter 
because the Journal in which Lepoderma was described was 
issued two days later than that containing Luhe's account. 
However, Odhner (I9II), Baer (1924) and Mehra (1931) felt 
that Lepoderma should have priority because Luhe did not 
designate a type species until a later date. Nonetheless, 
most workers continue to use Plagiorchis as the accepted 
genus. Detailed accounts of the early status of the genus 
have been presented by Bhalerao (1936) and Angel (1959). 
In 1909, Luhe described six new species of Plagiorchis 
and included a key to these species. Twenty years later, 
Massino (1929) presented a key to 24 known species of the 
genus based on the position of the testes and relative sizes 
5 
of the ovary and testes. 
Schulz and Skworzow (1931) proposed two subgenera for 
the genus Plagiorchls, namely: MultIglandularls and 
Plag1orchis. Species belonging to the former possess 
vitelline follicles forming a distinct commissure anterior 
to the acetabulum; those belonging to the subgenus 
Plagiorchis lack this commissure. Although Olsen (1937), 
Rees (1952) and Skrjabin and Antipin (1959) accepted these 
subgenera, Odening (1959) questioned their validity. He 
observed variations in the extent of vitelline follicles of 
adult 2" cirratus recovered from mice of various ages and 
from chickens. Najarian (I96I) noted that one's ability to 
see a vitelline bridge in adult P. goodmani recovered from 
canaries and chickens was dependent upon which surface 
(dorsal or ventral) was being observed. 
On the basis of variation of vitelline distribution in 
successive stages of development of adult P. elegans obtained 
from mice, Styczynska-Jurewicz (1962) considered P. cirratus 
a synonym of P. elegans. More recently, Velasquez (1964), 
in a study of P. dillmanensis, and Kavelaars and Bourns 
(1968) working with 2» peterborensis, doubted the validity 
of vitelline distribution as a valid taxonomic character. 
In a systematic study of the subfamily Plagiorchiinae, 
Olsen (1937) included a key to subgenera, and to 49 species 
and subspecies of Plagiorchis. The following criteria were 
I 
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used: position and shape of testes, position and size of 
ovary relative to the acetabulum, size of pharynx, presence 
or absence of esophagus, extent of cirrus pouch, extent and 
distribution of viteliaria and extent of uterine coils. 
Because Liihe (1909) included the absence of a seminal 
receptacle as one of the characters of the genus Plagiorchis, 
Olsen (1937) transferred P. noblei Park, 1936 to his new 
genus Plagiorchoides, also in the subfamily Plagiorchiinae. 
Park (1939) and Tubangui (1946) accepted Olsen's classifica­
tion and described Plagiorchoides rhinolophi and 
Plagiorchoides potaminides, respectively. Park (1939) 
and Angel (1959) emphasized the necessity for preparing 
serial sections of the adult if the presence or absence of 
the seminal receptacle is to be used as a taxonomic character 
to delineate species of this genus. Park (1939) observed 
seminal receptacles in immature 2* noblei but not in mature 
adults. Yamaguti (1958), Najarian (1961) and Velasquez 
(1964) indicated that the presence or absence of the seminal 
receptacle should be used as a specific character within the 
genus Plagiorchis but not as a generic character within the 
subfamily Plagiorchiinae. The validity of this character, 
in my opinion, remains questionable. 
Variations of the following morphological features of 
Plagiorchis spp. were considered by Angel (1959) to be 
dependent upon the state of contraction of the flukes at 
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the time of fixation; (l) position of oral sucker (terminal 
or subterminal); (2) shape and size of cirrus; (3) relative 
position of internal organs and (4) relative size of organs. 
She stressed the need for detailed information concerning 
type of treatment, fixation, age and number of worms and 
condition of animals being described. 
Complete accounts of various plagiorchiid larvae are 
given by Cort and Olivier (1943), Cort and Ameel (1944), 
Rees (1952), Strenzke (1952), Angel (1959) and Styczynska-
Jurewicz (I962). 
Most life histories of Plaglorchis involve lymnaeid 
snails and aquatic insects as first and second intermediate 
hosts, respectively. The known life cycles of members of 
this genus were summarized by Buttner and Vacher (I96O) 
and are included in a complete summarization of data through 
1969 (see Table l). 
Plagiorchis noblei was originally described from a 
collection of 20 specimens recovered from the small 
intestines of red-winged blackbirds from Stockton, California 
(Park, 1936). Of more than 45 species included in the genus 
Plagiorchis at that time, noblei most closely resembled 
P. maculosus (Rudolphi, l802) Braun, 1902 from a barn 
swallow, and jP. elegans (Rudolphi, 1802) Braun, 1902 from 
mice. Park differentiated P. noblei from these two 
plagiorchiids on the basis of the distribution of vitelline 
Table 1. Summary of the known life histories of Plagiorchis 
Trematode 
First 
intermediate 
host 
P. arcuatus 
Strom, 1924 
Bithynia tentaculata 
P^ . brumpti 
Buttner, 1950 
Planorbis sp. 
P. cirratus (Rud., 
Ib02j Liihe, 1899 
P. dilimanensis 
Velasquez, 1964 
P. elegans (Rud., 
ia02j Braun, 
1902 
Lymnaea stagnalis 
L. llmosa 
L. philippinensls 
L. stagnalis 
P. goodmanl 
Najarian, 1952 
P. jaenschi 
Johnston and 
Angel, 1951 
2» laricola 
Skrjabin, 1924 
L. palustrls 
L. lessoni 
Amerrlana sp. 
Planorbis islngi 
Notopala hanleyl 
L. stagnalis 
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Second 
intermediate Definitive 
host host Worker 
Coenagrion has tula tLun 
C_. pulchellum 
Lestes sponsa 
Plathemls pennipes 
Alytes obstetricans 
Mogemalmata sp. 
Xenopus laevis 
Ambystoma tigrinum 
Gammarus pulex 
Asellus aquaticus 
Culicine 
mosquitoes 
Coenagrion hastulaturn 
Aedes aegypti 
Anopheles maculipennis 
Culex pipiens 
Corethra sp. 
Cloeon sp. 
Lestes sponsa 
Aeschna grandis 
Chironomus sp. 
Asellus aquaticus 
Gammarus pulex 
Lymnaea stagnalis i 
Limnephilus indivisus 
Lymnaea palustris 
Cherax destructor 
Daphnia sp. 
Chlltonia sutenuis 
Gallus gallus 
progenetic in 
second inter­
mediate host 
Mus musculus 
bird^  
Mus musculus 
Mus musculus 
Musclcapa 
striata 
Paskalskaya, 
1954 
Buttner, 1950 
Buttner and 
Vacher, 1959 
Velasquez, 1964 
Styczynska-
Jurewicz, 
1962 
Serinus canaria Najarian, 196I 
Gallus gallus 
Hydromys 
chrysogaster 
Johnston and 
Angel, 1951 
Aedes aegypti 
Culex pipiens 
Larus ridibundus Zdarska, 1966 
Sterna hirundo 
Table 1. (Continued) 
Trematode 
First 
intermediate 
host 
P. inaculosus Rud., 
1002 j Braim, 1900 
L. stagnalis 
Radix auricularia 
L. ovata 
P^ . megalorchis 
Rees, 1952 
L. pereger 
P, micracanthos 
Macy, 1931 
emarginata 
P. multlglandularls 
Semenov, 1927 
2- muris 
Tanabe, 1922 
"unknown" 
L. pervla 
L. palustris 
L. japonica 
emarginata 
P. noblei 
park, 1936 
L. stagnalis 
S. reflexa 
parorchis 
Macy, 1950 
2. peterborensls 
Kavelaars and 
Bourns, 1968 
L. stagnalis 
L. stagnalis 
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Second 
intermediate Definitive 
host host Worker 
Chironomus sp. 
Psectrotanypus varius 
Chironomus thummi 
Chaoborus crystallinus 
Culex pipiens 
Tubifex tubifex 
Culicoides nubeculosus 
Culicoides stigma 
Chironomus riparius 
Anatopynia varius 
canaries 
swallows 
Meleagris 
gallopavo 
Strenzke, 1953 
Rees, 1952 
Jordan, 1953 
Chironomus sp. 
other insects 
Mus musculus 
Myotls lucifugus 
Eptesicus fuscuF 
McMullen, 1937 
Heptagenia sp. Gallus gallus Shtein, 1957 
Lymnaea pervia 
Chironomus sp. 
Challibaetes sp. 
Chironomus dorsalls 
Anl s ogaitimarus annanda-
Neocarldina denticulata 
Staghicola emarginata 
Aedes aegypti 
Chaoborus sp. 
damselflies 
dragonflies 
Mus musculus 
Rattus norvegicus 
Homo sapiens 
Columba livia 
Mlcrotus sp. 
Gallus gallus 
Xanthocephalus 
xan th ocephalus 
Agelaius phoeni-
ceus 
McMullen, 1937 
Tanabe, 1922 
Dollfus, 1925 
Hirasama and 
Asada, 1929 
Shibue, 1952 
Cort and Olivier, 
1943 
Daniell, 1964 
Daniell and 
Ulmer, 1964 
Williams, 1964 
caddisflies 
mosquitpes 
Aedes aegypti 
Mus musculus 
Mus musculus 
Macy, 1956 
Kavelaars and 
Bourns, 1968 
Table 1. (Continued) 
Trematode 
P. philippinensis 
Velasquez, 1954 
proxlmus 
Barker, 1915 
2. rami nanus 
Looss, lb96 
P. rhinolophi 
(park, 1939) 
P. vespertilionls 
(Muller, 17b4) 
Braun, 19OO 
First 
intermediate 
host 
L. philippinensis 
S. emarglnata 
Bulinus contortus 
S^ . emarginata 
L. stagnalls 
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Second 
intermediate Definitive 
host host Worker 
culicine 
mosquitoes 
Stagnicola emarginata 
chironomids 
dragonflies 
mayflies 
mosquitoes 
Libellula sp. 
Physa acuta 
Planorbls boissyi 
hemipteran larvae 
chironomids 
dragonflies 
mayflies 
mosquitoes 
Culex sp. 
caddisflles 
dragonflies 
mayflies 
Mus muscuius 
Mus muscuius 
Ondatra zl-
bethlcus 
Rattus SD. 
caméléon 
Bufo vulgaris 
Mus muscuius 
Mus muscuius 
bats 
Velasquez, 1964 
Barker, 1915 
McMullen, 1937 
Azim, 1935 
McMullen, 1937 
Macy, i960 
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follicles. These follicles were reported to extend 
anteriorly to the posterior limits of the pharynx in 
elegans, and to the esophagus in maculosus, whereas in 
P. noblei they supposedly do not extend anterior to the 
acetabulum. 
Intraspecific Variation 
Taxonomists are faced with increasing difficulty in 
making practical distinctions between those morphological 
characters shared by all members of a species and those 
found only in some individuals. Blackwelder (I967, pp. 119-
120) summarized some of these problems: 
"If taxonomists are to segregate, name, and classify 
the existing species and if they are to do this on the 
basis of the attributes of individuals, they must find 
the attributes which all corresponding members of a 
species have in common and they must avoid attributes 
which are lacking in a segment of the species. They 
must recognize . . . that in some species, the indi­
viduals appear very similar in most detectable ways, 
but in other species there is a wide range of differ­
ence between individuals in obvious features. 
How to tell the variation within the species from 
the differences between species has always been the 
chief difficulty of taxonomy. The recognition of the 
hereditary nature of the ideal species characters 
does not solve this problem, inasmuch as some intra­
specific variation is also hereditary and seems to be 
controlled by the same genetic mechanisms. Theo-
rectically, it is easy to make a distinction between 
those attributes that are shared by all members of a 
species and those that are found in only part of the 
members, but there is no simple way to distinguish 
these in practice." 
Chandler (1923), working primarily with protozoans, 
concluded that intraspecific variation was probably due to 
I 
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physiological differences of various host species. Simpson 
(1943), who established criteria for distinguishing genera, 
species and subspecies of animals, emphasized the genetic 
basis for their morphological variations. Stunkard (1957) 
stated that the methods used by geneticists and ecologists 
are satisfactory for studying interbreeding populations, 
but he rejected the application of these methods to herma­
phroditic flatworms. He believed that the concept of species 
among parasitic flatworms must be based on integrated data 
from various studies involving life-history, physiology, 
serology, biochemistry, morphology of adult and, in 
particular, host-parasite relationships. 
Wright (i960), disagreeing with Stunkard's view, con­
cluded that, although hermaphroditic species of flukes 
probably self-fertilize when single individuals exist in a 
host, the protandrous development of many helminth species 
indicates the existence of interbreeding populations similar 
to those found in hermaphroditic molluscs. Furthermore, 
he concluded that natural Interbreeding populations of 
trematodes do occur in nature and are only delimited by the 
distribution patterns of their first intermediate hosts. 
Rogers and Ulmer (1962), working on the effects of 
continued selfing of Hymenolepis nana, stated that this 
selfed, cyclophyllidean tapeworm could not be maintained in 
the laboratory beyond the fifth selfed generation. 
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Since I960, numerous workers have reported host-
induced variation in trematodes. Berrie (196O), working 
with a strigeoid, Diplostomum phoxini from experimental 
infections in mice, ducklings and herring-gull chicks, ob­
served significant morphological variations of body size 
and reproductive organs in these hosts. Ching (I96I) 
demonstrated host-induced variation of shape, size and 
extent of reproductive organs in Philophthalmus gralli. 
Haley (I962) indicated the need for experimental data 
to demonstrate the effects of varying host environments on 
the morphology, physiology and behavior of parasites. These 
effects, he suggested, should be compared between hosts of 
the same and of different species. 
More recently, Pojmanska (I967), working with 
Leucochloridlum paradoxum in various natural and experimental 
hosts, reported that reliable taxonomic characters of this 
fluke included; size-ratio of oral sucker and acetabulum, 
length of intestinal crura, position of gonads, cirrus size 
and shape and size of eggs. Unreliable characters included: 
distribution of body spines, position of genital pore, size 
of such structures as suckers, pharynx, gonads and partic­
ularly, the extent of vitelline follicles. 
In an extensive study of an amphibian trematode, 
Watertor (1967) observed that taxonomic characters such as 
anterior extent of vitellaria, position of ovary, extent 
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of cirrus sac, comparative size of suckers and eggs resulting 
from experimental infections in amphibian and reptilian 
hosts, are not reliable for species delineation of Telorchis 
bonnerensis. Kinsella (1969) reported morphological 
variation of adult Quinqueserialis quinqueserialis in the 
following mammalian hosts: Microtus montanus, M. 
pennsylvanicus and Ondatra zibethicus. 
Watertor (I967) compared host-induced variation of 
Telorchis bonnerensis recovered from amphibians and reptiles. 
The study presented below involves intraspecific variation 
of P. noblei within hosts representing the classes of warm­
blooded vertebrates. 
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MATERIALS AND METHODS 
Eggs of Plaglorchls noblel Park, 1936, and P. 
vespertillonls (Muller, 1784), Braun, I9OO used for experi­
mental studies were recovered from naturally infected red-
winged blackbirds (Agelaius phoeniceus) and big brown bats 
(Eptesicus fuscus), respectively. 
Definitive hosts were collected from ponds, sloughs 
and lakes near Iowa Lakeside Laboratory (Figures 49-52). 
Most avian hosts were collected at roadside ponds near 
Milford, Iowa or at Jemmerson Slough near Spirit Lake, Iowa 
from May, 1967 to August, 1969. Bats were collected at 
various times from 1965-I969 on the Iowa State University 
campus. 
The following references were used to identify plants 
and animals used in this study; AOU Checklist of North 
American Birds (1957) for all nonanseriform hosts; 
Johnsgard (I965) for anseriform hosts; Blair e^  aJ. (1957) 
for amphibians and reptiles; APS List of Common and 
Scientific Names of Fishes from the United States and 
Canada (196O) for fish; Walker (1964) and Hall and Kelson 
(1959) for mammals; Usinger (1956) for aquatic insects and 
Fernald (1950) for aquatic plants. A listing of the common 
and scientific names of all vertebrates used in this study 
appears in Appendix A. 
Adult plagiorchiids were recovered from the intestinal 
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tract of birds and mammals by standard dissection techniques 
and were placed in stender dishes containing avian or 
mammalian Ringer's solution. Following refrigeration, 
adult flukes were fixed with cold APA using slight coverslip 
pressure. Thin strips of paper toweling were placed under 
the coverslip to prevent excessive flattening. In one 
study, three fixatives were used to determine the effects 
of various fixatives on the morphology of adult worms. 
These were hot and cold Rlstroph's fluid, 10 percent forma­
lin and 70 percent glycerine ethanol. Whole mounts of adults 
were stained with Mayer's paracarmine and fast green or with 
Erhlich's acid hematoxylin and eosln. 
Adult ?. noble1 for sectioning were fixed with APA or 
three percent glutaraldehyde and two percent acrolein and 
were stained with Harris' hematoxylin and counterstained 
with eosln. Transverse sections of infected Insects were 
treated as above, but an additional treatment with methyl 
benzoate, prior to infiltration was used to soften the 
cuticle of the host. No satisfactory method was found for 
making whole mounts of Insect larvae or nymphs. 
To obtain eggs of 2» noblei for experimental studies, 
gravid worms were placed in sterile petri dishes containing 
boiled lake water. Additional eggs were obtained from 
feces of avian and definitive hosts. Attempts to Induce 
adult worms to release eggs by placing them in refrigerated 
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distilled water were unsuccessful. 
Laboratory-reared snails, Stagnlcola reflexa, were 
exposed to embryonated eggs previously incubated in aerated 
lake water for five days. Exposed snails, maintained on a 
diet of boiled lettuce and fish pellets, were kept in 
aquaria containing lake or artificial spring water. Calcium 
sources included calcium chips, blackboard chalk or oyster 
shells. The addition of common aquarium plants, 
Ceratophyllum demersum and Najas sp., as well as sterilized 
pond substrate, facilitated the growth of these gastropods. 
Living cercariae were examined with the aid of vital 
stains (neutral red and nile blue sulfate); cercariae fixed 
in hot 10 percent formalin were subsequently stained with 
Mayer's paracarmine. For penetration studies, cercariae 
and second intermediate hosts were placed in petri dishes 
and were examined with the use of a dissecting microscope. 
Aquatic nymphs and larvae of many insects serve as 
second intermediate hosts for noblei. Mosquitoes and 
certain species of midges were reared from eggs; other 
species were collected from tertiary ponds at the Ames 
Sewage Disposal Plant. Because these ponds contain no 
lymnaeid snails, naturally occurring infections of 
Plagiorchis were not present. Dragonfly naiads, indi­
vidually isolated in finger bowls to prevent cannibalism, 
were fed small aquatic arthropods. 
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Experimental hosts not laboratory-reared were used only 
under one or more of the following conditions; (l) prior 
to exposure, such animals were maintained in the laboratory 
for at least three months so that natural plagiorchiid 
infections, if present, would be lost; (2) animals were 
collected from habitats where suitable gastropod inter­
mediate hosts for 2" noblei were absent; (3) before experi­
mental exposure, fecal examinations for plagiorchiid eggs 
of each animal were shown to be negative. 
In April, 1967, an electrical shocking device was used 
to collect white suckers (Catostomus commersoni) from the 
Skunk River near Ames, Iowa. Ova stripped from gravid fish 
were fertilized in a plastic bucket containing river water. 
After eight days of incubation at 59-61° P., eggs hatched 
and the fry were fed nauplii of brine shrimp (Artemia 
salina) until they were large enough to ingest pellets of 
commercial fish food. Other piscine hosts, used as 
definitive hosts for experimental studies, included the 
black bullhead (Ictalurus natalis), common guppy (Lebistes 
reticulatus) and the sailfin molly (Molienisia velifera). 
Adult tiger salamanders (Ambystoma tigrinum) were 
collected near Iowa Lakeside Laboratory and fed liver dipped 
in cod-liver oil and bone meal. To obtain eggs of the 
leopard frog (Rana plplens), standardized dosages of 
anterior lobes of pituitary glands were injected into the 
22 
body cavity of adult females (Rugh, 1948). Following 
ovulation, eggs were fertilized and then incubated for seven 
days at l8° C. in aerated lake water. Newly emerged tadpoles 
were placed in aquaria containing two to three inches of 
water and maintained on a diet of thoroughly washed spinach 
and fish food until the tadpoles metamorphosed. Young 
adults were placed in aquaria containing water and fed 
vestigial-winged fruitflies (Prosophila melanogaster) and 
houseflies (Musca domestlca), respectively. Liver sections, 
dipped in cod-liver oil and bone meal, served as a supple­
ment for the insect diet. 
Three species of reptiles, namely: snapping turtles 
(Chelydra serpentina), painted turtles (Chrysemys picta) 
and a garter snake (Thamnophis sirtalis) were also used as 
experimental hosts in this study. Eggs of both species of 
turtles, removed from uteri in June, were incubated from 
six to eight inches below the surface of the ground in a 
mixture of sand and loam. To prevent desiccation during 
periods of drought, water was added to the substrate 
containing the eggs. Young turtles, hatched in late August 
and early September, were placed in aquaria containing water 
and one to two inches of sand. Liver and commercial turtle 
food served as their food source. A single garter snake, 
born in captivity, was maintained on a diet of earthworms 
until sacrificed for experimental studies. 
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Birds, constituting the largest group of vertebrates 
used in this study, were either reared from eggs under 
helminth-free conditions or were collected as fledglings 
or adults in nature. Eggs of many naturally occurring 
avian species were collected in the field, brought into 
the laboratory and incubated at approximately 101° P. 
until hatching. If eggs were sprinkled with water and 
rotated frequently, hatching success increased. 
Newly hatched birds were placed in artificial nests 
and transferred to a simple incubator constructed of wire 
mesh, wood and a heating pad (Figure 53). 
Adult birds were maintained on a mixture of coarse 
game-scratch and 26 percent Felco Grain Balancer (non-
antibiotic). Occasionally, insect larvae (Tenebrlo, Musca, 
etc.) were used to supplement this diet. Carnivorous birds 
were fed laboratory-reared mice or chicks. 
Rodents were reared on a diet of commercial pellets or 
grain. Young muskrats, captured in nature, were fed milk 
and cattail stems until they were old enough to live on dog 
food. A single brown bat, Eptesicus fuscus, was maintained 
on a diet of beetles and fly larvae. Two species of 
carnivores, Canis familiaris (domestic dog) and Pelis catus 
(domestic cat) were kept in the laboratory and fed dried 
dog food and water. 
Por specific details concerning rearing techniques for 
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many of the experimental hosts used in this study, the reader 
is referred to Appendix B. 
Drawings were made with the aid of a Leitz micropro-
Jector. 
I 
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SUMMARY OP LIFE CYCLE 
The life cycle of Plagiorchis noblei (Figure 29), a 
naturally occurring intestinal parasite in red-winged black­
birds (Agelaius phoeniceus) and yellow-headed blackbirds 
(Xanthocephalus xanthocephalus), involves two species of 
snails, namely: Stagnicola reflex and Lymnaea stagnalis. 
Following ingestion of embryonated eggs by these first 
intermediate hosts, miracidia hatch, penetrate the digestive 
tract, then metamorphose to form mother sporocysts on the 
outer surface of the intestine. Daughter sporocysts, 
produced by mother sporocysts, migrate to the hepatopan-
creas of the snail and produce large numbers of styleted 
cercariae (xiphidiocercariae), exhibiting nocturnal 
periodicity. Cercariae penetrate and encyst in a variety 
of aquatic second intermediate hosts, usually insects. 
Definitive hosts (various birds and mammals) acquire their 
infections by ingestion of the infected second intermediate 
hosts. 
Experimentally, according to Daniell (1964), domestic 
chicks (Gallus gallus), yellow-headed blackbirds and red-
winged blackbirds serve as definitive hosts for noblei. 
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ADDITIONAL LIFE CYCLE DATA 
Aspects of the life history of Plagiorchis noblei have 
been studied by Williams (1964a, b), Daniell (1964) and by 
Daniell and Ulmer (1964). These studies, however, have not 
been published except in the form of brief abstracts. Addi­
tional life cycle data resulting from experimental studies 
on host-parasite relationships are presented below. 
Eggs and Miracidia 
In known life cycles of Plagiorchis spp., eggs must 
incubate from two to seven days to permit miracidial develop­
ment. Hatching of miracidia commences only after embryonated 
eggs have been ingested by a proper molluscan host. 
Paskalskaya (1955), who studied a species (P. arcuatus) 
infecting chickens, was the only worker to have reported 
hatching of plagiorchiid miracidia in water. Such miracidia 
emerged after 13-15 days of incubation at room temperature 
and penetrate snails (Bithynia tentaculata). 
In unpublished experimental studies, Daniell (1964) 
observed eggs of noblei each day as they developed in 
aerated water at room temperature. Numerous vitelline cells 
were seen in recently expelled fluke eggs, and two days after 
incubation in water, such eggs contained moving miracidia. 
Because no further development of miracidia was observed 
during the next two and a half weeks, he concluded that 
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miracidia hatch only if embryonated eggs are ingested by a 
suitable first intermediate host. 
Daniell's studies (1964) Indicated that 2» noblei 
eggs were capable of developing in Stagnicola reflexa even 
after having been incubated for as long as 10 days after 
expulsion from the adult worm. Furthermore, eggs maintained 
at room temperature for eight days, then subjected to 
refrigeration at 10° C. for 30 days and returned to room 
temperature for a week, were still able to produce cercarial 
infections. 
Data from experimental studies conducted at Iowa Lake­
side Laboratory during the summers of 1967-70 indicated an 
even broader range of infectivity for noblei eggs. In 
these experiments, laboratory-reared S_. reflexa became 
infected at room temperatures when exposed to eggs three 
and a half days (84 hours) following extrusion from adult 
worms. Furthermore, experimental infections could still be 
established in snails 43 days after eggs had been shed. 
Cercariae 
Daily periodicity 
It has been well established that light is the primary 
factor controlling cercarial emergence of Plagiorchis spp. 
Macy (i960), studying the effects of light on cercarial 
emergence of a bat fluke, 2* vespertilionis, reported that 
maximum numbers of cercariae emerged from the snail 
28 
(Lymnaea stagnalls) between 9:00 p.m. and 1:00 a.m. Daniell 
(1964) and Williams (1964b) observed nocturnal periodicity 
of P. noblei cercariae shed from another species of lymnaeid 
(Stagnicola reflexa). According to Daniell (1964), less 
than one-eighth of the total number of cercariae shed during 
a 24 hour period, emerged between 7:00 a.m. and 11:00 p.m. 
The following investigation was undertaken to obtain 
more precise information on cercarial emergence of P. noblei 
during alternating periods of light and darkness. Two days 
before hourly counts of cercarial emergence began, three 
snails (one S_. reflexa and two L. stagnalis), naturally 
infected with P. noblei, were individually isolated in fin­
ger bowls containing lake water and were then maintained 
under natural conditions of light and darkness. At hourly 
intervals for 48 hours, each snail was transferred to another 
finger bowl containing fresh water; cercariae that had 
emerged during the previous hour were then fixed in 5 per­
cent formalin and were subsequently counted. 
As shown in Graph 1, cercariae of P. noblei exhibit 
pronounced nocturnal periodicity, but the time of maximum 
emergence appears to vary with individual hosts. A total 
of 10,957 (72 percent) cercariae from the three snails were 
shed between 8:30 p.m. and 5:30 a.m. In these experiments, 
water temperatures were not constant but varied in accordance 
with day and night hours. To determine if declining tempera-
Graph 1. Summary of cercarlal emergence of noblel from three naturally 
Infected lymnaeid snails at hourly intervals during a continuous 
48 hour period of natural light and darkness 
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tures at night relate to nocturnal periodicity, another 
set of experiments was undertaken. The three snails used 
in the above experiment were again individually isolated 
in finger bowls and were then subjected to alternating 
three-hour periods of light and darkness. During the 
experiment, a constant temperature of 19® C. was maintained. 
Graph 2 indicates that cercariae emerge from these 
snails almost entirely during periods of darkness. 
Except for one L. stagnalls, reduced numbers of cercariae 
were shed during the second three-hour period of darkness. 
Seasonal periodicity 
Low incidences of natural infections of Plagiorchls 
noblel in Stagnicola reflexa were reported by Daniell 
(1964) and by Williams (1964b). Only a single snail of 
approximately 500 (0.20 percent) collected in Iowa (Silver 
Lake, Jemmerson Slough and Trumbull Lake) harbored a 
natural Infection (Daniell, 1964). Williams (1964b) 
examined 1,252 snails (^ . reflexa) from a temporary pond 
habitat in Ohio and found 4l (3.3 percent) infected with 
this plagiorchild. 
During the summer and fall of 1969 (June-October), a 
total of 4,361 snails, representing tv/o species of lymnaeids 
(S_. reflexa and Lymnaea stagnalls) were collected in nature. 
Individually isolated in the laboratory, and examined for 
natural infections of P. noblel. S. reflexa were collected 
Graph 2. Summary of cercarial emergence of noblei from three naturally 
infected lymnaeid snails during alternating three-hour periods of 
light and darkness 
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in marshy habitats at roadside ponds near Iowa Lakeside 
Laboratory, at Jemmerson Slough and in Little Miller's Bay 
(Lake West Okoboji) (Figures 48-52); L. stagnalis were 
collected at Jemmerson Slough. 
Twenty-two of 2,691 (0.82 percent) S^ . reflexa 
and 19 of 1,670 (1.13 percent) l. stagnalis harbored 
natural infections of P. noblei. Natural infections 
from both species of snails over the entire summer averaged 
0.94 percent (42 of 4,36l). Percentages of infection are 
based, however, on numbers of snails actually shedding 
cercariae of £. noblei and do not take into account all 
those harboring sporocyst stages. 
Graph 3 indicates that monthly percentages of naturally 
infected snails of both species remained below one percent 
until August and September. Natural infections in 
reflexa reached a peak of l.l4 percent (6 of 525) in August, 
whereas 4.33 percent (i6 of 370) of L. stagnalis harbored 
infections of noblei in September. Infections in both 
species of molluscs declined in late September and October. 
Longevity and infectivity 
Experiments conducted during the present study indicate 
that cercariae of noblei may live for as long as 30 hours 
in lake water at room temperature. However, the ability of 
cercariae to penetrate the cuticle of second Intermediate 
host ceases after 12 hours. 
Graph 3. Summary of naturally Infected S. reflexa and L. stagnalis shedding 
cercarlae of P. noblel, 1969 
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In a study to determine the longevity and length of 
infectivity of these plagiorchiid cercariae maintained at 
various temperatures (4, l6 and 30° C.j respectively) 
approximately 250 were isolated in each of three petri 
dishes containing filtered lake water (Table 2). 
Temperature has a very pronounced effect on longevity 
of P. noblei cercariae. Those maintained at 4° C. lived 
for nearly 10 days whereas those cercariae maintained at 
temperatures of l6 and 30° survived for only 90 and l8 
hours, respectively. 
Cercariae maintained in water at 4, l6 and 30° C. 
were unable to penetrate second intermediate hosts after 
36, 18 and 6 hours, respectively. 
Metacercariae 
Natural infections 
Examination of several hundred aquatic insect larvae 
and naiads (midges, damselflies and dragonflies) for the 
presence of noblei metacercariae were negative during 
the course of this study. The small size and limited 
numbers of metacercariae in an individual host probably 
account for this. 
Experimental infections 
Daniell (1964) reported that the following arthropods 
harbored metacercariae following experimental exposures to 
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Table 2. Longevity of cercariae of P. noblei maintained 
in filtered lake water at 15 and 30° C. 
Age of cercariae Approximate percent 
after emergence mortality (cumulative) 
(hours) 4° C. 16^  C. 30 C, 
6 0 0 10 
12 0 0 70 
18 0 0 100 
24 0 0 -
36 0 10 -
48 10 20 -
72 10 60 -
96 20 100 -
120 30 - -
144 60 - -
168 80 - -
192 90 - -
240 100 
2. noblei cercariae: Anax Junius, Plathemis sp., Libellula 
sp. (dragonflies); Ischnura sp. and Lestes sp. (damselflies); 
Culex sp. and Chaoborus sp. (nematocerous Diptera); Hyalella 
azteca (amphipod); and unidentified chironomid larvae 
(midges), trichopterous larvae (caddisflies), and mayfly 
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naiads. Despite this variety of hosts, however, experi­
mental infections were established only in those definitive 
hosts exposed to infected dragonflies, daraselflies or 
midges. He also reported that animals showing no evidence 
of infection after experimental exposure to the cercariae, 
included two species of gastropods (^ . reflexa and Physa 
sp.), one crustacean (Paphnia sp.), one hemipteran 
(Notonecta sp.) and unidentified tubificid oligochaetes, 
leeches and water mites. 
Williams (1964a) described the life cycle of P. noblei 
using Lymnaea (Stagnicola) reflexa and Aedes aegypti as first 
and second intermediate hosts, respectively. He also ob­
served successful penetration of these plagiorchiid cer­
cariae into unidentified larval caddisflies, midges, 
mosquitoes and into naiads of damselflies and dragonflies. 
In the experimental investigations described below, 
insects of the following genera served as second intermediate 
hosts of P. noblei: Gomphus, Aeschna, Libellula, Lestes and 
Ischnura (Odonata); and Chaoborus and Chironomus (Diptera). 
Although metacercariae encysted in insects belonging to the 
genera Baetis (Ephemeroptera), as well as in Anax and Lestes 
(Odonata) and in Culex, Aedes and Simulium (Diptera), no 
infections were established when these infected insects 
were fed to domestic chicks. 
Examination of beetles (Pytiscus) and hemipterans 
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(Corlsella, Notonecta, Belostorna and Ranatra), experimentally 
exposed to P. noblei cercarlae, revealed no infections. 
Similarly, no adult trematodes were recovered from chicks 
experimentally exposed to these insects. 
Site of infection Larvae and naiads of many aquatic 
insects employ particular body movements or may possess 
modified abdominal or thoracic structures for increasing 
water circulation during respiratory activities. Such 
structures and/or activities may influence the distribution 
of metacercariae within these hosts. In experiments involv­
ing midges (Chironomus tentans) as second intermediate hosts, 
P. noblei metacercariae were frequently observed concentrated 
in anterior and posterior regions, probably as a result of 
the undulating body movements of these tube-dwelling dipterous 
larvae. 
Examination of cross sections of experimentally infected 
dragonfly naiads revealed the presence of metacercariae 
near the rectal gills. Cercariae are probably swept into 
the branchial chambers of these odonates with incurrent 
water and then gain entrance to the host's hemocoel by 
penetrating the rectal gills. Such a method of gaining 
entry into a host was also noted by Krull (1931) in his 
studies of Haematoloechus medioplexus and Haematoloechus 
parviplexus metacercariae in dragonfly naiads. 
The following investigation was undertaken to determine 
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if metacercariae of 2» noblei demonstrate site preference 
within a type of second Intermediate host exhibiting neither 
specialized respiratory structures nor respiratory movements. 
Chaoborus larvae were used in these studies. Their trans­
parent bodies permit accurate determination of number and 
location of metacercariae. 
Sixty previously nonlnfected Chaoborus larvae were 
exposed to approximately 4,000 2» noblei cercariae for two 
hours. Several hours later, location and number of 
metacercariae within these midges were recorded. In deter­
mining localization of metacercariae, the body of each 
midge was arbitrarily considered to consist of four body 
regions (Figure 36) including: (a) a region extending from 
the anterior end to and including the segment containing 
the anterior pair of hydrostatic organs; (b) three segments 
immediately posterior to that containing the anterior pair 
of hydrostatic organs; (c) three segments Immediately 
anterior to the one containing the posterior pair of 
hydrostatic organs; and (d) the remainder of the body, 
including that containing the posterior pair of hydrostatic 
organs. 
Of 2,039 metacercariae observed within 60 Infected 
Chaoborus larvae, the following numbers of metacercariae 
were recorded as appearing in each of the four body regions 
listed above; (a) 543, (b) 634, (c) 496 and (d) 366. 
42 
These results suggest that noblel metacercariae show no 
predilection for particular sites in fourth-instar larvae. 
The reduced number (366) of metacercariae in body region 
(d) is apparently correlated with the reduced size of body 
segments in that region. 
Although cross sections of various infected second 
intermediate hosts of jP. noblei revealed metacercariae 
occasionally associated with a variety of structures in­
cluding compound eyes, brain, pharynx, intestine, skeletal 
muscle and legs, most were found encysted in the hemocoel 
just beneath the cuticle (Figures 44-47)• 
Infectivity According to Daniell and Ulmer (1964), 
metacercariae of noblei are infective seven days or less 
after cercarial penetration into immature insects (damselfly 
and dragonfly naiads and midge larvae). Williams (1964a), 
working with the same trematode, found metacercariae to be 
infective four to six days after cercarial penetration of 
Aedes aegypti. Metacercariae encysted in dragonfly naiads 
for 36 days were still infective when experimentally fed to 
yellow-headed blackbirds (Daniell, 1964). 
During the present study, the range of infectivity of 
metacercariae (P. noblei) in dragonfly naiads of the genus 
Aeschna was shown to vary from 66 hours to at least 80 days. 
Domestic chickens (three to seven days old) served as 
definitive hosts during this experiment. Because larval 
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flukes can remain infective in a second intermediate host 
for at least 80 days, it is probable that they are capable 
of overwintering in insects such as dragonflles, and thus 
may serve as a source of infection for avian hosts in the 
spring. 
Adults 
Location 
In nearly all natural and experimental infections of 
2. noblei, adults were recovered from the posterior portion 
of the host's intestine. However, in experimentally infected 
chicks, worms gathered in that area of the intestine to 
which the residual yolk sac was attached. In heavy experi­
mental infections, adult flukes were recovered along the 
entire length of the intestine, and occasionally a few worms 
were found in the Intestinal ceca. 
Longevity 
Longevity of adult nob lei, varies markedly among 
different species of avian hosts and is longer in passerine 
than in galliform hosts. Longevity of adult P. noblei in 
naturally infected red-winged and yellow-headed blackbirds 
has not been reported. Daniell (1964) noted that adults 
remained In experimentally infected red-winged blackbirds 
for approximately 40 days. During the present study, 
experimental infections of this trematode in domestic chicks 
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usually terminated after eight or nine days. These data 
suggest that the longevity of adult noblei varies in 
different species of definitive hosts. To determine the 
longevity of this plagiorchiid in another passerine bird, 
house sparrows (Passer domesticus) were used for the 
following investigation. 
Laboratory-reared chironomids, infected with approxi­
mately 15 metacercariae each, were exposed in February, 
1967, to each of ten sparrows caught on the Iowa State 
University campus. These birds had been maintained in 
captivity for at least three months before exposures were 
made. Fecal examination of these birds as well as autopsies 
of six additional sparrows collected from the same site and 
used as controls revealed no plagiorchiid infections. 
Beginning three weeks after exposure of these hosts to 2» 
noblei metacercariae, sparrows were sacrificed at weekly 
intervals. Results of these experiments (see Table 3) indi­
cate that infections of adult noblei can remain in house 
sparrows for at least 60 days. 
Pathology 
Several reports of lethal effects of Plaglorchls in 
naturally infected gallinaceous birds have appeared. 
Foggie (1937) reported the death of many turkey poults 
naturally infected with 2- larlcola. Severe enteritis and 
death of naturally infected domestic chicks were observed 
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Table 3. Longevity of experimental infections of adult P. 
noblei in adult house sparrows (Passer domesticus) 
Number adults Age of adults 
Date of examination recovered (days) 
21 January 1968 5 22 
27 January I968 3 28 
2 February 1968 5 34 
8 February 1968 0 40 
14 February 1968 0 46 
20 February 1968 0 53 
28 February 1968 12 61 
6 March 1968 0 68 
A^ll exposures made on December 30, 196?. 
by Paskalskaya (1955) and Tsvetaeva (1959). Rayski (1964) 
recorded an outbreak of helminthiasis in pheasant chicks 
infected with P. megalorchis. 
More than 200 gravid worms of noblei were recovered 
from the intestines of each of the following experimentally 
infected definitive hosts examined during this study: a 
six week old domestic rat (Rattus norvegicus), three 12 
day old turkeys (Meleagrls gallopavo) and two six-month old 
eastern kingbirds (Tyrannus tyrannus). Necropsies of these 
hosts, however, revealed little or no necrosis of the 
intestinal tract despite the large number of adults recovered. 
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Avian and mammlian hosts are apparently able to tolerate 
heavy infections of P. noblei. 
Effects of flattening and fixation 
Many trematode species have been shown to change 
morphologically when subjected to various methods of 
flattening and fixation. Ulmer (1950), working with a 
brachylaimid trematode, Postharmostomum hellcis, demonstrated 
the effects of age of worms and techniques of flattening and 
fixation on the structures and measurements of these parasites. 
Gilford (1955) measured 300 specimens of A1las s ogon oporus 
vespertillonis recovered from two species of bats (Myotis 
lucifugus and M. sodalis) and concluded that the size, shape 
and position of internal structures of these trematodes vary 
with the methods of flattening and fixation. 
Angel (1959) estimated the number of Plagiorchls species 
to be over 90 and appealed to taxonomists of this and other 
trematode groups to consider the possibility of much varia­
tion of characters within a species due to differences in 
age of worms, fixation, treatment and the possibility that 
some species may occur in a wide range of hosts. 
As recently as 1968, Kavelaars and Bourns, describing 
P. peterborensis from a laboratory mouse (Mus musculus), 
indicated that many of the differences seen in adults of 
this trematode species may result from various killing 
methods and degrees of flattening. 
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To determine the effects of flattening and fixation 
on the adult morphology of noblei, two infected dragonfly 
naiads (Aeschna) were fed to a five-day old chick. Eight 
days later, 87 gravid adults were recovered from the 
intestine of this experimentally infected definitive host. 
Twenty-three of these worms, randomly selected, were 
flattened and fixed according to the following methods (see 
Table 4). 
Adult trematodes removed from the chick were placed 
either in Ringer's solution or in distilled water prior to 
flattening and fixation. Body width of adults treated in 
distilled water was larger than that of flukes placed in 
Ringer's solution. Temperature of the Ringer's solution or 
of distilled water had little effect on internal morphology 
of adult•P. noblei. 
Flattening 
Degree of flattening before fixation affected certain 
morphological features of these adult flukes. Length of 
body ranged from 1.010 mm. in worms unflattened (method C) 
to 2.090 mm. in greatly flattened specimens (method L); 
body widths varied from O.27o to 0.750 mm. Testis length 
ranged from 0.062 mm. in unflattened specimens to 0.206 mm. 
in those much flattened and fixed with the same fixative. 
Ovarian length ranged of 0.082 mm. (method H) to O.i86 mm. 
(method L). Additional data upon which this summary is 
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Table 4. Various methods of flattening and fixation of 
adult P. noblei recovered from an experimentally 
infected domestic chick eight days after exposure 
Pre-fixation Degree of 
Method fluid Fixative flattening 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
cold Ringer's 
solution 
cold Ringer's 
solution 
Ringer's solution 
cold Ringer's 
solution 
Ringer's solution 
cold Ringer's 
solution 
cold Ringer's 
solution 
cold Ringer's 
solution 
distilled water 
hot distilled 
water 
cold Ringer's 
solution 
cold Ringer's 
solution 
hot 10^  
formalin 
AFA 
AFA 
cold AFA 
AFA 
hot Ristroph's 
hot Ristroph's 
hot glycerine 
ETOH 
hot AFA 
AFA 
AFA 
AFA 
unflattened 
slight 
unflattened 
unflattened 
unflattened 
unflattened 
slight 
unflattened 
unflattened 
unflattened 
unflattened 
excessive 
49 
based are tabulated in Appendix C. 
Various degrees of flattening had little effect on 
the size-ratio of muscular structures such as the oral 
sucker and acetabulum. In all adult P_. noblei examined 
during this study, the oral sucker was consistently larger 
than the acetabulum. This size-ratio appears to be one of 
a few reliable taxonomic characters possessed by members 
of the genus Plagiorchis. Similar results were also ob­
served experimentally in an avian oviduct fluke, 
Prosthogonimus ovatus, by a Dutch worker, Boddeke (196o). 
He emphatically concluded that the only taxonomic character 
useful in distinguishing species within the genus 
Prosthogonimus is the proportion between diameters of 
oral and ventral suckers. 
Although Ulmer (1950) demonstrated lobation of gonads 
( Postharmostomum helicis) due to excessive flattening during 
fixation, similar lobation of adult Plagiorchis noblei 
could not be induced in this experiment. Furthermore, 
varying degrees of flattening had little effect on the 
extent of vitellaria, position of internal organs, or egg 
size. 
Type of fixation 
Ristroph's AFA, 10 percent formalin and glycerine 
ethanol were used as fixatives during this experiment. 
Although the type of fixative used had little effect on 
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the morphology of adult flukes, a reduction in the size of 
the body and of the gonads appeared in specimens prepared 
with hot fixatives. 
I 
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DEFINITIVE HOSTS 
Natural Infections 
Members of the genus Plaglorchls are cosmopolitan in 
their distribution and appear to exhibit little host 
specificity. Adults are commonly found in passerine birds, 
bats and rodents; several species have also been reported 
from amphibians and reptiles. 
In the present study, 235 birds, representing 42 species, 
24 families and 12 orders were examined for natural infections 
of Plaglorchls (see Table 5). Natural infections were found 
in avian hosts representing 12 species, 5 families and 2 orders. 
Within the Order Passeriformes, birds of families Corvidae, 
Hirundinldae, Icterldae and Tyrannldae contained natural 
infections of Plaglorchls, as did birds of the family Larldae 
(Order Charadrliformes). The highest percentages of natural 
Infections were found in blackbirds (Icterldae), swallows, 
and martins (Hirundinldae). 
Unpublished data at the Iowa Lakeside Laboratory also 
include the following hosts for Plaglorchls sp.: Cyanocltta 
cristata (blue jay), Larus delawarensls (ring-billed gull), 
Dendrocopus pubescens (downy woodpecker), Petrochelidon 
pyrrhonota (cliff swallow), Hlrundo rustlea (barn swallow). 
Melanerpes erythrocephalus (red-headed woodpecker) and 
Trlnga solltarla (spotted sandpiper). 
Of 235 birds examined in this investigation, 104 (44 
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Table 5. Summary of avian hosts examined for natural 
infections of adult Plagiorchis 
Host 
Number 
examined 
Number 
infected 
Order Podicipediformes 
Family Podicipedidae 
Pied-billed grebe 
Order Pelecaniformes 
Family Pelecanidae 
White pelican 
Order Anseriformes 
Family Anatidae 
Blue-winged teal 
Mallard 
Canada goose 
Order Ciconiiformes 
Family Ardeidae 
. Least bittern 
. 
Black-crowned night heron 
Order Gruiformes 
Family Rallidae 
Sora 
American coot 
Order Charadriiformes 
Family Charadriidae 
6 
1 
2 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
Killdeer 
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Table 5- (Continued) 
Number Number 
Host examined infected 
Order Charadriiformes (cont) 
Family Scolopacidae 
American woodcock 1 0 
Long-billed dowitcher 6 0 
Family Phalaropodidae 
Northern phalarope 1 0 
Family Laridae 
Black tern l4 5 
Franklin's gull 1 0 
Order Columbiformes 
Family Columbidae 
Mourning dove 1 0 
Rock dove 1 0 
Order Cuculiformes 
Family Cuculidae 
Yellow-billed cuckoo 1 0 
Order Apodiformes 
Family Apodidae 
Chimney swift 3 0 
Order Coraciiformes 
Family Alcedinidae 
Belted kingfisher 1 0 
Table 5. (Continued) 
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Nimber Number 
Host examined infected 
Order Piciformes 
Family Picidae 
Yellow-Shafted flicker 2 0 
Red-headed woodpecker 1 0 
Order Passeriformes 
Family Tyrannidae 
Eastern kingbird 9 5 
Flycatcher 1 1 
Family Hirundinidae 
Barn swallow 4 1 
Tree swallow 2 0 
Bank swallow 1 0 
Purple martin 8 7 
Family Gorvidae 
Blue jay 2 1 
Family Paridae 
Black-capped chickadee 2 0 
Family Troglodytidae 
House wren 4 0 
Family Mimidae 
Brown thrasher 1 0 
55 
Table 5. (Continued) 
Number Number 
Host examined infected 
Order Passeriformes (cont) 
Family Turdidae 
Robin 2 0 
Family Vireonidae 
Red-eyed vireo 1 0 
Family Parulidae 
Northern waterthrush 1 0 
Myrtle warbler 1 0 
Family Icteridae 
Common grackle 9 1 
Bobolink 1 1 
Yellow-headed blackbird 37 32 
Red-winged blackbird 93 48 
Brewer's blackbird 1 0 
Brown-headed cowbird 3 2 
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percent) harbored infections of Plaglorchis. Incidence of 
natural infections among these hosts (where more than six 
specimens of each species were examined) ranged from 11 to 
87 percent. Highest incidence of Infection was in purple 
martins (8? percent) and in yellow-headed blackbirds (86 
percent). Maximum number of flukes recovered from a single 
host (purple martin) was 82. In both host species, the 
average number of flukes in each infected bird was l4, but 
frequently, only a single specimen was recovered. 
In this study, mammalian hosts harboring natural 
infections of Plaglorchis Included bats (Order Chlroptera) 
and rauskrats (Order Rodentla). A total of ii6 bats, repre­
senting six species (Eptesicus fuscus, Laslonycterls 
noctlvagans, Lasiurus borealls, Laslurus cinereus, Myotis 
luclfugus and Fipistrellus subflavus), were collected at 
various localities in Iowa, Forty (33 percent) harbored 
plaglorchlld flukes. The two most heavily parasitized host 
species of chiropterans included Eptesicus fuscus (big 
brown bat) and Myotis lucifugus (little brown bat). Twenty-
five of 68 (37 percent) big brown bats and 11 of 37 (30 per­
cent) little brown bats were Infected (see Table 6). 
The muskrat (Ondatra zlbethicus) was the only mammalian 
species other than bats examined for natural infections of 
Plaglorchis. Of seven muskrats examined, one harbored an 
Infection. 
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Table 6. Summary of mammalian hosts examined for naturally 
infected Plagiorchis 
Number Number 
Host examined infected 
Ondatra zibethicus 
{muskratj 7 1 
Eptesicus fuseus 
(big brown bat) 68 25 
Lasionycteris noctivagans 
(silver-haired bat) 1 0 
Lasiurus borealis 
(red bat) 4 0 
Lasiurus cinereus 
(hoary bat) 4 2 
MyOtis lucifugus 
(little brown bat) 37 11 
Pipistrellus subflavus 
(Easternpipistrelj 2 1 
Totals 123 40 
At least three accounts of Plagiorchis infections in 
man have been reported. Africa and Garcia (1937) reported 
a natural but unnamed plagiorchiid infection in an l8 year 
old citizen of the Philippines. Plagiorchis javensis, a 
new species recovered from man, was described by Sandground 
(1940), and Lie (195i) recovered a single Plagiorchis from 
man in Indonesia. 
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Experimental Infections 
Eggs for all the following experimental studies were 
obtained from gravid P. noblei recovered from naturally 
infected red-winged blackbirds, Agelaius phoenlceus. 
A total of 364 animals, representing five classes of 
vertebrates, 19 orders, 35 families and 51 species, were 
experimentally exposed to laboratory-reared metacercariae 
of 2- noblei. Results are summarized in Table 7. Cold­
blooded vertebrates serving as experimental animals included 
four species of fish, two species of amphibians and three 
species of reptiles. When these hosts were autopsied l4-35 
days post-exposure, however, all were negative. 
Although birds as well as mammals are suitable experi­
mental definitive hosts for P. noblei, birds constituted 
the majority of hosts used in the following investigations. 
Two hundred ninety-eight hosts, representing 10 orders, 
21 families and 33 species were exposed to various aquatic 
insects experimentally infected with metacercariae of 2» 
noblei. Of these avian hosts, 6? percent (200 of 298) 
developed infections. Fifteen species, including 12 
families and 4 orders harbored adult worms, indicating a 
surprisingly low degree of specificity. Gallinaceous and 
passerine birds were among the most susceptible hosts, for 
percentages of experimental infections in chickens, 
domestic turkeys and house sparrows were 90, 60 and 52, 
Table 7. Summary of vertebrates used as experimental hosts for noblei 
Approximate 
Definitive hosts number 
Source of Number Number of worms 
Host metacercariae^  examined infected recovered 
Class Osteichthyes 
Black bullhead 
Guppy 
Sailfin molly 
White sucker 
Class Amphibia 
Leopard frog 
Tiger salamander 
Class Reptilia 
Common garter snake 
painted turtle 
Snapping turtle 
2 
2 
2 
2 
2 
2 
2 
2 
2,4 
3 
3 
2 
8 
12 
2 
1 
3 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
U1 
vo 
1^ = Chaoborus, 2 = Chironomus, 3 = damselflies, and 4 = dragonflies. 
Table 7. (Continued) 
Source of 
Host metacercariae®' 
Class Aves 
Order Podlcepedlformes 
Pled-bllled grebe 2,4 
Order Anserlformes 
Mallard 2,4 
Muscovy duck 2 
Ruddy duck 4 
Order Galliformes 
Domestic chicken 1,2,3,4 
Domestic turkey 2,4 
Japanese quail 2 
Ring-necked pheasant 2 
Order Gruiformes 
American coot 2,4 
Approximate 
Definitive hosts number 
Number Number of worms 
examined Infected recovered 
0 
2 
2 
3 
0 
0 
0 
0 
0 
0 
l6l 
20 
5 
5 
145 
12 
0 
2 
> 100 
> 100 
0 
10-100 
0 0 
Table 7. (Continued) 
Approximate 
Definitive hosts number 
Source of Number Number" of worms 
Host metacercariae®' examined infected recovered 
Sora 
Order Charadriiformes 
Black tern 
Killdeer 
Order Columblformes 
Mourning dove^  
Rock dove 
Order Strigiformes 
Great-horned owl^  
Order Psittaciformes 
Zebra parakeet 
2,4 
2 
2 
2 
4 
1 
4 
3 
4 
0 
0 
0 
0 
< 10 
10-100 
o 
0 
0 
0 
N^ot laboratory-reared, but hosts were maintained at least 90 days in the 
laboratory before exposure. 
Table 7. (Continued) 
Source of 
Host metacercarlae®" 
Order Piciformes 
Red-headed woodpecker 2 
Order Passeriformes 
American goldfinch^ 2 
Blue jay^ 2 
Brown-headed cowblrd 2 
Brown thrasher 2 
Canary 2 
Common grackle 2 
Eastern kingbird^ 2 
House sparrow 2,4 
House wren^ 2 
Indigo bunting^ 2 
Red-winged blackbird^, 2 
Approximate 
Definitive hosts number 
Number Number of worms 
examined Infected recovered 
1 
1 
3 
1 
2 
3 
5 
3 
27 
1 
1 
9 
0 
< 10 
< 10 
0 
0 
0 
0 
> 100 
> 100 
> 10-100 
0 
> 10-100 
0 
1 
1 
0 
0 
0 
0 
2 
14 
1 
0 
7 
Table 7. (Continued) 
Source of 
Host metacercarlae®' 
Robin 2,4 
Swamp sparrow^ 2 
Tree swallow^ 2 
Western meadowlark 2 
Yellow-headed blackbird^ 2 
Class Mammalia 
Order Chiroptera 
Big brown bat 2 
Order Rodentia 
Deer mouse 2 
Eastern chipmunk^ 2 
House mouse 2,4 
Mongolian gerbil 2 
Muskrat 2 
Approximate 
Definitive hosts number 
Number Number of viorms 
examined infected recovered 
5 
1 
1 
h 
2 
4 
0 
1 
3 
1 
> 10-100 
0 
> 10-100 
> 10-100 
< 10 
0 0 
4 
1 
5 
3 
7 
0 
0 
1 
0 
0 
0 
0 
< 10 
0 
0 
Table 7. (Continued) 
Approximate 
Definitive hosts number 
Source of Number Number of worms 
Host metacercarlae examined Infected recovered 
Norway rat 2,4 4 2 < 100 
Order Carnivora 
Domestic cat 2 10 0 
Domestic dog 2 10 0 
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respectively. 
During the first summer (i967) of this study, laboratory-
reared, intermediate hosts of P. noblei were not available 
until August, and laboratory-reared birds were adults at the 
time exposures were made. Of these birds, experimental 
infections of gravid P. noblei were established in 5 of 13 
hosts, namely: house sparrow (Passer domesticus), western 
meadowlark (Sturnella neglecta), blue Jay (Cyanocitta 
cristata), American goldfinch (Spinus tristis) and red-
winged blackbird (Agelaius phoeniceus). Remaining species 
of definitive hosts might well have served to harbor 
infections had exposures been made to younger individuals. 
Effects of host age on the incidence of experimental 
plagiorchiid infections will be discussed elsewhere in 
this dissertation. 
Various insects serve as suitable second intermediate 
hosts for P_. noblei. In the experimental feeding noted 
above, midges and dragonflies were used as sources for 
metacercariae. Exposure times of these insects to cer-
cariae were carefully controlled to prevent lethal host 
infections. Midges and dragonflies harbored approximately 
15-20 and 250-300 metacercariae, respectively. 
Midges (Chironomus tentans) were used as second inter­
mediate hosts for the establishment of infections in the 
following avian hosts: domestic chicken (Gallus gallus). 
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ring-necked pheasant (Phasianus colchicus), black tern 
(Chlidonias niger) eastern kingbird (Tyrannus tyrannus), 
tree swallow (Iridoprocne bicolor), wren (Troglodytes aedon), 
robin (Turdus migratorius) and yellow-headed blackbird 
(Xanthocephalus xanthocephalus). 
During the summer of I969, nearly all experiments 
involved the use of dragonfly naiads rather thsin midges 
as second intermediates for the following reasons: (l) 
naiads are better able to withstand heavy infections of ]P. 
noblei, (2) stadia of anisopterans (dragonflies) are longer 
than those of nematocerous diptera (mosquitoes and midges) 
and (3) large numbers of naiads were available from ponds 
where lymnaeid snails (the normal first intermediate host 
of 2" noblei) did not occur. Furthermore, populations of 
chironomids, abundant during the previous two summers, were 
very scarce during the summer of 1969. As a result of the 
1969 series of experimental feedings, the sora (Porzana 
Carolina) and domestic turkey (Meleagris gallopavo) were 
added to the listing of new definitive hosts of jP. noblei. 
The successful establishment of infections in such a 
variety of avian hosts is ascribed in part to improved 
rearing techniques of definitive hosts developed during 
this study and to the use of younger birds for exposure to 
2. noblei metacercariae. 
To determine if P. noblei could infect mammals as well 
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as birds, 27 mammals, representing 3 orders, 6 families and 
9 species of experimental hosts, were also exposed to 
varying numbers of 2- noblei metacercariae experimentally 
developed in dragonfly naiads (Gomphus, Aeschna) and 
chironomid larvae. Of these, two rats (Rattus norvegicus) 
and a domestic mouse (Mus muscuius) were the only mammalian 
hosts to develop experimental infections. Infections in 
mammals resulted only when dragonfly (Gomphus) naiads were 
used as second intermediate hosts. 
When it became apparent that adult P. noblei, 
principally an avian species, could also become established 
experimentally in mammalian hosts, an additional experiment 
was undertaken to determine if a plaglorchiid known to 
infect mammals might also develop in birds. For this study, 
the bat fluke (P. vespertilionis) was used as a source for 
eggs. Experimental Infections were established in a 
laboratory-reared snail, Stagnicola reflexa, and metacer­
cariae were subsequently developed in midges, Chironomus 
tentans. Nine days after a yellow-headed blackbird had 
been exposed to these infected midges, a single gravid 
plaglorchiid worm was recovered from the intestine. Un­
fortunately, death of the snail prevented additional 
exposures to other avian hosts. 
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INTRASPECIPIC VARIATIONS IN ADULTS FROM INDIVIDUALS 
OP A SINGLE HOST SPECIES 
Worms of Varying Age 
It has been well established that helminths continue to 
grow after reaching sexual maturity. Stunkard (1957) cites 
the continual growth of parasitic flatworms as a principal 
factor responsible for difficulties in delineation of 
species of many helminth genera. 
Growth of adult 2» noblei also continues after sexual 
maturity has been attained. In one series of studies, four 
laboratory-reared adult house sparrows were used as definitive 
host because noblei survives much longer in them than in 
gallinaceous birds such as chickens. The sparrows were fed 
P_. noblei metacercariae within chironomids and were then 
autopsied 4, J, 34 and 6l days following exposure. Two, 6, 
5 and 12 adults were recovered from these sparrows, 
respectively. All but four-day adults were gravid. Com­
parative measurements of worms representing each age are 
included in Table 8. Examination of these adults indicated 
that several morphological variations had occurred, each of 
which is considered below (Figures 32-35)-
Body size 
Pronounced differences in the body size of a worm are 
associated vjitJi its age, for flukes recovered from sparrows 
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Table 8. Average comparative measurements (in mm.) of 
experimentally developed 2» noblel of four 
different ages 
Age of adults (days) 4 7 35 61 
No. of specimens 2 6 5 12 
Body length 0.791 2.198 2.547 3.697 
Body width 0.300 0.585 0.825 1.118 
Oral sucker length 0.114 0.171 0.257 0.289 
Oral sucker width 0.119 0.203 0.235 0.279 
Length of pharynx 0.055 0.081 0.139 0.150 
Width of pharynx 0.057 0.098 0.128 0.150 
Length of esophagus - - - 0.118 
Length of acetabulum 0.098 0.164 0.214 0.268 
Width of acetabulum 0.093 0.176 0.203 0.246 
Length of anterior testis 0.182 0.289 0.289 0.374 
Width of anterior testis 0.128 0.235 0.257 0.396 
Length of posterior testis 0.182 0.331 0.331 0.364 
Width of posterior testis 0.126 0.246 0.285 0.396 
Length of ovary 0.083 0.203 0.268 0.310 
Width of ovary 0.088 0.182 0.203 0.279 
Length of cirrus pouch undevelop. 0.393 0.781 1.049 
1 
Length of egg nongravid '0.040 0.039 0.035 
Width of egg nongravid 0.023 0.023 0.019 
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6l days after initial exposure were approximately four times 
longer (3.697 mm.) than those four days old (0.791 mm.). 
Body width also increased, from 0.300 mm. in four-day old 
worms to 1.118 mm. in 61-day old plagiorchiids. 
Vitellaria 
Only slight differences in the anterior and posterior 
extent of vitellaria were observed in adults recovered from 
these four hosts. However, vitelline follicles in worms 
recovered from 6l-day old Infections were much less numerous 
but noticeably larger than those obtained from 7 and 34 day 
old flukes. 
Relative size of ovary and testes 
With increasing age of 2» noblei, the ratio of the size 
of the ovary to that of the testes decreases. In four-day 
old flukes, the testes were approximately two and a half 
times larger in diameter than the ovary. However, in 61-
day old adults, testes were only one and a half times 
larger, a change reflecting the protandrous development of 
2. noblei. 
Egg size and number 
Eggs of flukes 7 days old varied from those 6l days old 
in two respects: the average length of eggs (based on 
measurements of 10 eggs from whole mounts of each adult) 
decreased from 0.040 mm. in 7-day old specimens to 0.035 mm. 
71 
in those two months old (see Table 8). Average width of 
eggs in the same worms decreased from 0.023 to 0.019 mm. 
Furthermore, number of eggs in older specimens was greatly 
reduced, a condition apparently correlated with the diminu­
tion in number of vitelline cells. 
Body spination 
Immature adult jP. nob lei possess numerous body spines 
anteriorly and fewer posteriad. As adult worms mature, such 
body spination becomes less apparent. 
Hosts of Varying Age 
The following investigation was conducted to study the 
effects of host age on the morphology of adult P. noblei. 
Three laboratory-reared house sparrows (1, Y, and 20 days 
old) were exposed to experimentally infected midges, and 
gravid worms were recovered from each of these definitive 
hosts l4 days after exposure (see Table 9). 
Examination of all specimens recovered from these 
experiments indicates that age of house sparrows does not 
greatly affect the morphological structures of adult £. 
noblei. Only minor variations of body size, size-ratio of 
suckers to gonads, extent of vitellaria, body spination 
and number of eggs were observed in hosts of three different 
ages. 
72 
Table 9. Summary of feeding experiments to determine effects 
of host age on P. noblei infections^  
Age of host 
at time of Number of 
exposure Date of Date of gravid worms 
(days) exposure examination recovered 
1 7/10/68 7/24/68 24 
7 7/9/68 7/23/68 14 
20 7/30/68 8/13/68 2 
A^ll worms recovered were 14 days old. 
Additional Morphological Variations 
Morphological variations of adult noblei not directly 
attributable to age of the worm nor to age of the definitive 
host were noted when individuals taken from a particular 
species of experimental host (including domestic chick, 
eastern kingbird or robin) were compared with one another 
(Figures 23-28). Such adults were obtained from hosts of 
approximately the same age and the variations encountered 
relate principally to position and size of various structure 
associated with the reproductive and digestive systems. 
Data on the experiments involving adult worms for these 
studies may be found on Table 7. 
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Body size 
Body size of adults within hosts of the same species 
did not vary widely (Figures 27-28). Among avian hosts, 
greatest size differences were observed in specimens 
recovered from experimentally infected nestling robins. 
Worm length in these nine-day old hosts ranged from 1.487 
to 2.138 mm.; width, from O.587 to 0.845 mm. 
Size of suckers 
Within a particular trematode genus, the size of 
suckers in relation to other organs, especially gonads, is 
an important morphological character used to delineate 
species. With reference to noblei, too, the sizes of 
oral suckers and acetabula of various flukes from indi­
viduals of the same host species varied, probably associated 
with the amount of flattening prior to fixation. However, 
the size ratios of the oral sucker and acetabulum remained 
quite constant. These muscularlzed organs do not appear to 
change markedly as do reproductive organs when varying 
amounts of coverslip pressure are used. 
Position of oral sucker 
Olsen (1937)» in a dichotomous key to more than 40 
species of Plagiorchis, separated 24 species of the genus 
on the basis of the terminal or subterminal position of 
the oral sucker. Angel (1959), however, examined a series 
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of Plaglorchls maculosus (generally characterized by the 
subterminal position of the oral sucker) from swallows 
caught in Australia and found that only in 1 of l4 specimens 
was the oral sucker subterminal. The present study on P. 
noblel supports Angel's conclusion that the terminal or sub-
terminal position of the oral sucker is of little taxonomic 
significance, and Figures 37-39 illustrate variations in 
the position of the oral sucker in adult 2» noblei from 
various hosts of the same species. 
Gonad size 
Another characteristic of adult 2» noblei showing 
marked variation within individuals obtained from the same 
host species was the size of the ovary and testes. This 
was especially evident in flukes recovered from experimentally 
infected robins, kingbirds and chicks. Comparative ranges 
and illustrations of these adults are presented in Table 10 
and in Figures 23-28. 
Gonads were small in flukes recovered from leghorn 
chicks (obtained from Spencer, Iowa) in contrast to the 
larger reproductive organs in trematodes taken from broiler-
type chicks hatched in Roland, Iowa. Adults recovered from 
an experimentally infected eastern kingbird yielded a wide 
range of gonad sizes. Sizes of testes ranged from 0.118 
to 0.332 mm. long by 0.128 to O.278 mm. wide; size of the 
ovary ranged from 0.182 to 0.203 ram. long by 0.203 to 0.225 
Table 10. Comparison of size ranges (in mm.) of gonads in P. noblei in three 
species of experimentally infected avian hosts 
Worm age 
Host (days) 
Number of 
worms 
measured 
Anterior testis 
(L X W) 
Posterior testis 
(L X VJ) 
Ovary 
(L X W) 
Domestic chick 
Broiler-type 9 12 0.297-0.364 
X 
0.240-0.278 
0.382-0.417 
X 
0,242-0.289 
0.209-0.246 
X 
0.221-0.246 
Leghorn type 9 6 0.126-0.150 
X 
0.099-0.128 
0.127-0.161 
X 
0.137-0.150 
0.137-0.182 
X 
0.119-0.139 
Eastern kingbird 9 14 0.128-0.324 
X 
0.149-0.278 
0.118-0.332 
X 
0.128-0.257 
0.182-0.203 
X 
0.203-0.225 
Robin 9 10 0.182-0.353 
X 
0.150-0.310 
0.182-0.428 
X 
0.182-0.321 
0.128-0.257 
X 
0.140-0.246 
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mm. wide. 
In robins, too, gonadal size variation was very-
apparent. Anterior testes of flukes from this species of 
host ranged from 0.182 to 0.353 mm. long by O.i5o to O.3io 
mm. wide. Posterior testes of the same flukes measured 
0.182 to 0.428 mm. long by O.182 to 0.321 mm. wide. The 
ovary ranged in size from 0.128 to O.257 long by 0.l40 to 
0.246 mm. wide. 
Although Olsen (1937), in his key to the species of 
Plagiorchis, stressed the importance of relative sizes of 
internal organs, especially gonads. Angel (1959) provided 
convincing evidence demonstrating the unreliability of 
gonadal size alone as a criterion for species differentia­
tion. 
Relative position of gonads 
A frequently used criterion for distinguishing between 
species of plagiorchiids is the distance between the 
acetabulum and gonads. Figures 23-28 indicate the con­
siderable variation which may occur in 2- noblei in this 
respect, particularly with reference to the distance from 
acetabulum to ovary or from ovary to anterior testis. In 
flukes obtained from an experimental infection (eastern 
kingbird) for example, considerable space was found between 
ovary and testes, whereas very little existed between gonads 
in flukes recovered from different robin hosts. In specimens 
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from the latter host, the ovary is in the acetabular zone 
(Figure 27), but it is at least one ovarian diameter away 
from the acetabulum in worms obtained from chicks (Figure 
24). 
Extent of vitellaria 
Experimental results obtained in this study demonstrate 
that pronounced variations in the anterior and posterior 
extent of vitellaria commonly occur (Figures 23-28). 
Greatest variations were observed in specimens obtained 
from experimentally infected robin (Turdus migratorius). 
Vitelline follicles in flukes recovered from one robin 
extended from the posterior to the anterior extremities of 
the worm. A distinct commissure anterior to the acetabulum 
connected right and left vitelline fields in these trematodes 
(Figure 28). However, adults from another robin of the same 
age possessed vitellaria extending only from the level of 
the acetabulum to near the posterior extremity; no commis­
sure was present in these flukes (Figure 28). In worms 
recovered from chickens, turkeys, eastern kingbirds and 
black terns, vitellaria extended in lateral bands at varying 
distances between the acetabulum and oral sucker. 
Similar variations in vitelline distribution in other 
trematodes have been reported by previous workers. Rankin 
(1937), working with an intestinal fluke of amphibians 
(Brachycoelium), reported that distribution of vitelline 
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follicles is not a reliable taxonomic character. Wharton 
(1940) demonstrated much variation in the anterior extent 
of vitelline follicles in Telorchis robustus and T. medius, 
as did Watertor (1967), in T. bonnerensis. The degree of 
body contraction at the time of fixation was considered 
by Boddeke (196o) as an important factor in determining 
vitelline follicle distribution in an avian oviduct fluke, 
Prosthogonimus ovatus; this was not investigated in the 
present study. 
Uterine coils 
According to Ltihe (1899), members of the genus Plagiorchis 
possess S-shaped uterine coils situated between ovary and 
anterior testis, and between testes. In nearly all adult 2» 
noblei recovered during this study, uterine coils were 
situated in these areas, although one infection in an eastern 
kingbird included specimens possessing uteri limited to the 
area between ovary and anterior testis (Figure 26). 
Egg size 
Comparative ranges of egg sizes from individuals of a 
single host species (domestic chicks, eastern kingbirds or 
robins) are shown in Table 11. Intrauterine eggs of 
plagiorchiids taken from these experimental hosts demon­
strate considerable size variation. Especially notable is 
the range in the length of eggs obtained from experimentally 
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Table 11. Ranges of egg size (in mm.) of noblei within 
individuals of each of three species of experi­
mentally infected avian hosts 
Host 
Worm age 
{days) 
Number of 
worms measured 
Egg size 
(L X  ¥ )  
Domestic chicken 
Eastern kingbird 
8 
8-9 
12 
14 
0.038-0.035 
X 
0.023-0.019 
0.040-0.036 
X 
0.024-0.018 
Robin 8 10 0.042-0.033 
X 
0.024-0.018 
infected robins. The range in their length and width is 
equal to or exceeds that of eggs from chickens or king­
birds . 
Position and size of cirrus sac 
Still another characteristic often used in species 
differentiation relates to the position and size of the 
cirrus sac. Here, too, a wide variety of conditions may 
prevail, as was indicated by the examination of adult 2» 
noblei from an experimentally infected rat (Figures 40-43). 
In these specimens, the cirrus sac may lie on either side 
of the acetabulum; it may extend posteriorly from the 
acetabular region anterior to the anterior margin of the 
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ovary or to the anterior margin of the anterior testis. 
Furthermore, it ranges in size from 0.332 to O.616 mm. 
long by 0.042 to O.O67 mm. wide. In view of such varia­
tions, the unreliability of the position of this male organ 
as a criterion in species differentiation is very apparent. 
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INTRASPECIFIC VARIATIONS IN ADULTS FROM HOSTS 
OP DIFFERENT SPECIES 
It is well known that changes of the host's external 
environment (macroenvironment), changes In the physiological 
condition of the host itself (microenvironment), and develop­
ment of a parasite in a wide range of hosts may have a 
pronounced effect on the morphology and physiology of adult 
helminths (Dogiel, 1966). In the following sections, con­
sideration is given to morphological modifications of 
noblei in various second intermediate and definitive hosts. 
In a study to determine the effects of various second 
intermediate hosts on the morphology of adult 2» noblei, 
experimentally infected dragonfly (Aeschna) and damselfly 
(Coenagrion) naiads were fed to four day old chicks. Six of 
8 chicks fed dragonflies, and 1 of 2 chicks fed damselflies, 
developed infections. Similar experimental conditions were 
maintained, including strain and age of chick hosts, exposure 
time and age of adult worms. 
As shown in Figures 30-31, flukes recovered from chicks 
fed infected àamselfLies differed in the following ways from 
those obtained by feeding dragonflies: larger body size, 
smaller gonad size and posterior extension of the uterus. 
The regularity of appearance of such morphological differ­
ences suggests that they may be associated with the type of 
second intermediate host harboring infective metacercariae. 
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Various Definitive Hosts 
Recent studies of Pojmanska (1967) on Leucochloridium 
paradoxum in various natural and experimental hosts, by 
Watertor (1967) on host-induced variations of Telorchis 
bonnerensis in cold-blooded vertebrates, and by Kinsella 
(1969) on Quinqueserialis quinqueserialis in mammalian hosts 
have shown conclusively that morphological changes occur 
when these flukes develop in different species of definitive 
hosts. 
A total of 364 vertebrate animals, representing 51 
species of definitive hosts were used for the following 
experiments to determine if morphological changes in adult 
2. noblei occur when they are reared in different hosts. 
Details of experimental procedures involved in such studies 
have appeared elsewhere in this thesis. Results, as com­
parative measurements and illustrations of such intraspecific 
variations, are presented in Table 12 and Figures 23-28. 
Time of sexual maturation 
Data obtained from natural and experimental infections 
of 2" noblei indicate that adult worms become gravid at 
various ages, in accordance with the species of definitive 
hosts harboring them. Bourns (I966), working with natural 
infections of 2- noblei in nestling red-winged blackbirds, 
found a higher percentage of gravid adults in older hosts. 
Seven of 13, and 29 of 31 adult worms were gravid in single 
Table 12, Maximum and minimum measurements (in mm.) of experimentally developed 
adult P. noblei In various species of definitive hosts 
Minimum Maximum 
1.197 (Ring-necked pheasant) 
0.346 (Ring-necked pheasant) 
0.148 (Ring-necked pheasant) 
0.150 (Ring-necked pheasant) 
0.064 (Ring-necked pheasant) 
Body length 
Body width 
Oral sucker length 
Oral sucker width 
Diameter of pharynx 
Length of esophagus 
Acetabular length 
Acetabular width 
Length of ovary 
Width of ovary 
Length of anterior testis 
Width of anterior testis 
Length of posterior testis 
Width of posterior testis 
0.107 (Ring-necked pheasant) 
0.107 (Ring-necked pheasant) 
0.096 (Ring-necked pheasant) 
0.075 (Ring-necked pheasant) 
0.118 (Ring-necked pheasant) 
0.086 (Ring-neeked pheasant) 
0.128 (Ring-necked pheasant) 
0,086 (Ring-necked pheasant) 
3.059 (House sparrow) 
1.117 (House sparrow) 
0.249 (House sparrow) 
0.289 (House sparrow) 
0.152 (House sparrow) 
0.139 (Norway rat) 
0.246 (House sparrow) 
0.235 (House sparrow) 
0.278 (House sparrow) 
0,246 (House sparrow) 
0.449 (House sparrow) 
0.396 (House sparrow) 
0.482 (House sparrow) 
0.417 (House sparrow) 
Table 12. (Continued) 
Mlnimim Maximum 
Length of cirrus pouch 0,272 (Ring-necked pheasant) I.O38 (House sparrow) 
Egg length 0.033 (Robin) 0.042 (Robin) 
Egg width 0.018 (Robin) 0.024 (Robin) 
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8 and 11 day old nestlings, respectively. 
Rapid maturation of 2» nob lei was even more striking 
in the naturally infected red-winged nestlings collected 
for this study. Juvenile birds collected from Jemmerson 
Slough were brought into the laboratory where they were 
examined for natural infections of this trematode. Three of 
4 nestlings (5 days old) contained 1, 2 and 5 gravid worms. 
A total of 11 nongravid adults of varying age occurred in 
all four of these hosts. 
In experimentally infected domestic chickens, a longer 
period of time was required for P. noblei to become gravid. 
Daniell (1964) noted that specimens in such definitive hosts 
were immature at five days or less but contained numerous 
eggs after 13 days within the chick. Williams (1964a) 
recovered egg-producing P. noblei six days after domestic 
chicks had been experimentally exposed to metacercariae. 
The first gravid worms in experimentally infected chickens 
used in the present study also appeared six days after 
ingestion of metacercariae. 
Within mammalian hosts, adult flukes require more time 
to become gravid. Seven days after three young domestic 
mice (Mus musculus) had been exposed to dragonfly naiads 
containing metacercariae, seven nongravid worms were 
recovered from the Intestine of one host. In six-week old 
rats, gravid worms were recovered nine days after these 
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hosts had been exposed to metacercariae. Apparently, the 
higher metabolic rate of birds (as compared to that of 
mammalian hosts) may account for earlier egg production of 
adults, 
Morphological variations 
Body size Adult noblei recovered from passerine 
hosts were usually larger than those obtained from 
gallinaceous birds (Figures l-ll). Maximum length (3.059 
mm.) and width (1.117 mm.) were attained by 6l-day old 
flukes recovered from laboratory-reared house sparrows. 
Flukes eight days old from an experimentally infected ring-
necked pheasant (Phasianus colchicus) were the smallest 
recovered during this study, these specimens measuring only 
1.197 mm. in length by 0.346 mm. in width. Worms recovered 
from rail (Porzana Carolina) and black terns (Chlidonias 
niger) were intermediate in size. 
Size of suckers In all adults observed, the oral 
sucker was consistently larger than the acetabulum (Figures 
12-22), Although sucker size varies in flukes harbored by 
different host species, the size-ratio of oral sucker to 
acetabulum remains relatively constant. Maximum length of 
oral sucker was O.289 mm.; that of the acetabulum, 0.246 mm. 
The minimum length of the oral sucker (0.148 mm.) and of 
the acetabulum (O.IO7 ram.) occurred in specimens recovered 
from house sparrows and pheasants. 
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Among members of the genus Plaglorchls, size of the oral 
and ventral suckers has been considered an important taxonomic 
character. The size of these structures is often compared to 
that of highly variable organs such as the pharynx, ovary 
and testes. 
Position of the oral sucker The position of the oral 
sucker (terminal or subterminal) in adult P. noblei apparently 
is largely dependent upon the state of contraction of the 
worm at the time of fixation (Figures 12-22). With respect 
to this character, the considerable variation apparent in 
those worms recovered from hosts of different species is 
similar to that already noted among flukes recovered from a 
single host species (Figures 37-39). 
Length of esophagus Olsen (1937) frequently used 
the presence or absence of the esophagus as one of many 
criteria in distinguishing plagiorchiid species. In whole 
mounts of nearly all specimens recovered from experimentally 
infected hosts during this study, the esophagus was visible. 
In most worms, however, this structure was difficult to see 
because it lay dorsal to the pharynx and its division into 
paired Intestinal crura could not be clearly distinguished. 
In a few specimens, however, the esophagus was evident as 
a distinct tube posterior to the pharynx. A maximum 
pharyngeal length of 0.139 mm. was observed in an adult 
recovered from an experimentally infected rat (Table 12). 
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Gonad size Variations in gonad size in adult 
noblei recovered from different host species is even more 
pronounced than variations of these organs in flukes ob­
tained from a single host species. Flukes possessing 
unusually large gonads were obtained from experimental 
infections in four species, namely: robins, eastern king­
birds, domestic chicks and house sparrows. Testes size 
was greatest in the latter host species. The anterior 
testis of one adult noblei from a house sparrow measured 
0.490 mm. long by 0.396 mm. wide. The maximum size of a 
posterior testis, also from the same specimen, was 0.482 mm. 
long by 0.417 mm. wide. A single infection in a ring-
necked pheasant yielded _P. noblei adults with small testes. 
The minimum size of testes obtained from this infection was 
as follows: anterior testis O.II8 mm. long by O.O86 mm. 
wide and posterior testis 0.128 mm. long by O.O86 mm. wide. 
As a result of these numerous feeding experiments, 
various combinations of morphological features in specimens 
reared in different host species are apparent. These 
include; (l) testes larger than ovary (Figures 12, l4-22), 
acetabulum (Figures 12, 14-22) or oral sucker (Figures 12, 
15, 16, 19, 21); (2) ovary larger than testes (Figure 13), 
acetabulum (Figures 12, 15, I6, 20) or oral sucker (Figure 
15); (3) acetabulum larger than ovary (Figures 13, l4, I8, 
21, 22) or testes (Figure 13) and (4) oral sucker larger 
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than ovary (Figures 13, 14, 16-22), acetabulum (Figures 12-
22) or testes (Figures 13, l4). 
In only one experimental infection, where gravid 
flukes were recovered from a leghorn chick, was a specimen 
recovered in which the diameter of the acetabulum was larger 
than that of the ovary or testes. It is unfortunate that 
several investigators have used relative size of these 
structures as the only criterion in differentiating species 
of Plagiorchis, for the present study clearly shows that 
such criteria are unreliable. 
Extent of vitellaria In flukes recovered from two 
experimentally infected robins, the anterior limit of 
vitellaria varied considerably, from the acetabulum to the 
level of the oral sucker (Figures l-ll). In adults from 
all other species of definitive hosts, the anterior limits 
of vitelline follicles were within this area. For example, 
vitelline follicles in flukes taken from an American gold­
finch and a domestic chicken extended anterior to the 
acetabulum (Figures 2, 6). However, in trematodes from 
black tern, tree swallows, eastern kingbirds, ring-necked 
pheasants and a Norway rat, vitelline follicles extended 
further anteriad, to the region midway between the two 
suckers (Figures 5, 7, 8, 10, 11). Much greater variability 
characterizes the posterior limits of vitelline follicles 
in specimens recovered from avian and mammalian hosts. No 
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particular pattern of vitelline follicle distribution could 
be discerned in the posterior body region. This character 
however, is of no significance in the differentiation of 
species. 
Vitelline bridges or commissures situated posterior to 
the acetabulum were observed frequently in various specimens 
from different definitive hosts (Figures 3> 4, 8, 10). 
Flukes possessing a well developed commissure anterior to 
the acetabulum, however, were recovered from a single robin 
(Figure 4). In flukes recovered from black terns^  a sora 
and eastern kingbirds, incomplete commissures were sometimes 
observed between the oral sucker and acetabulum. These 
experimental studies clearly demonstrate that the presence 
or absence of a vitelline bridge is a completely unreliable 
criterion for distinguishing subgenera or species within a 
genus. 
Egg size Egg size of P. noblei may vary in adult 
worms of varying ages as well as in various species of 
definitive hosts (see Table 12). As noted earlier, eggs 
of 2» noblei from a house sparrow decreased in size as adult 
worms became older. The largest and smallest eggs obtained 
from experimental infections Involved in this study were 
found in a robin where egg length ranged from 0.031 to 
0.042 mm., and width ranged from 0.017 to 0.024 mm. 
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Size and position of cirrus sac Variations of the 
cirrus sac in adult trematodes recovered from an experi­
mental rat have been discussed earlier (Figures 40-43). 
Similar variations in the appearance of this structure in 
flukes from different species of definitive hosts were 
also observed. Its length ranged from 0.272 mm. in flukes 
from ring-necked pheasants to 1.038 mm. in worms obtained 
from a house sparrow (see Table 12). 
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IMMUNOLOGICAL CONSIDERATIONS 
Intermediate Hosts 
Aquatic nymphs and larvae, representing numerous 
insect orders, commonly serve as second intermediate hosts 
for many species of trematodes. Cercariae of such species 
may gain entry uo their hosts In various ways. They may 
penetrate membranous areas including intersegmental regions 
of the insect's cuticle or may penetrate through gills. 
Cercariae of certain trematode species (Haematoloechus 
Plagiorchis, etc.) are swept into the branchial chambers of 
dragonfly naiads before entering the hemocoels via the 
rectal gills. Cercariae of certain other species (Gorgodera 
amplicava), after ingestion by the host, penetrate the vjall 
of the digestive tract (Krull, 1934). 
Crawford (1937) reported melanization of host cuticle 
ac tiie site of penetration, but found that epidermal host 
reactions usually were too late to prevent infection. 
Burns (196I),  however, reported that cuticular thickenings 
and formation of reddish-brown epithelium near the point 
of attack prevented cercariae of a bat fluke, 
Acanthatrium oregonense from entering the hemocoels of 
caddisfly larvae (Piscosmoecus). Defense reaction by 
Insects to cercarial penetration of the digestive tract 
have not been reported in the literature. 
Once inside the hemocoel, metacercariae may encyst 
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and become encapsulated by their host or may remain 
unencysted. Metacercariae of the bat fluke, Lecithodendrium 
chilostomum live unencysted in the caddisfly, Phryganea 
grandis, from October to April (Brown, 1933). During 
pupation of the host in the spring, these mobile forms 
migrate from the abdominal segments of the larvae and 
encyst in the thoracic musculature. According to Knight 
and Pratt (1955), metacercariae of Acanthatrium oregonense 
never encyst in Limnophilus sp., but continue to live freely 
in the hemocoel. 
Encapsulation of encysted metacercariae is the most 
common defensive reaction by insect hosts. Salt (19^ 3) 
differentiated between three groups of host reactions to 
the presence of metacercariae, namely: aggregation of 
hemocytes, formation of connective tissue around the parasite, 
and melanin formation. All are dependent on cellular reactions 
by host blood cells. 
Thompson (1915) observed aggregations of hemocytes 
around metacercarial cysts of an unnamed trematode in the 
alderfly, Sialls lutaria. Host reactions of dragonfly naiads 
(Leucorrhinla) to metacercariae of a fish plagiorchiid, 
Alloglossldium corti, were reported by Crawford (1937). Al­
though no host reaction was observed after three days of 
encystment, a well developed capsule composed of cells 
resembling hemocytes, was formed by the seventh day. 
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Other workers, including Szidat (1926), Neuhaus (1940) 
and Hall (1959) have reported encapsulation of metacercariae 
( of the genera Prosthogonlmus, Pleurogenes and Mosesia, 
respectively), by material resembling connective tissue of 
their insect hosts. 
Neuhaus (1940) described the formation of host pigment 
(melanin) around metacercarial cysts of a frog fluke 
(Pleurogenes medians) in dragonfly naiads of the genera 
Aeschna and Libellula. Furthermore, Crawford (1943) observed 
that the host capsules around metacercariae of Crepldostomum 
farionis gradually became impregnated with a brownish-yellow 
pigment resembling melanin. 
Salt (1963, p. 590), in a review of defense reactions 
by insects to metazoan parasites, concluded, "... since 
there has been no satisfactory demonstration of a humoral 
defense reaction to metazoan parasites, the upshot of all 
this part of the paper is, in my opinion, that Insects are 
at present known to have only one primary defense reaction 
against internal metazoan parasites, and that is the reaction 
made by their blood cells." 
The following experiments, undertaken to determine If 
certain aquatic insect larvae possess humoral defense 
mechanisms against metacercariae of Plagiorchis noblei. 
Involved subjecting insect larvae to initial and subsequent 
challenge Infections of metacercariae. Reduction in the 
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number of metacercariae in insects following challenge 
infections as compared to controls, would indicate host-
induced immune responses. Fourth-instar larvae belonging 
to the genus Chaoborus, were selected for this study for 
several reasons: (l) Daniell (1964) successfully used 
these larvae as second intermediate hosts in establishing 
experimental infections of noblei in domestic chicks 
(Gallus gallus) and in yellow-headed blackbirds 
(Xanthocephalus xanthocephalus); (2) fourth-instar 
Chaoborus larvae are transparent so that precise numbers 
of metacercariae within the host's hemocoel may be deter­
mined; (3) large numbers of these nematocerous diptera 
were available for study. 
All fourth-instar larvae, collected from ditch ponds 
at the Ledges State Park near Boone, Iowa, were examined 
for natural infections of plagiorchiid metacercariae. None 
were found, probably due to the absence of natural gastropod 
hosts for 2' noblei in the ponds. 
Approximately 300 Chaoborus larvae were initially 
exposed for 30 minutes to large numbers (4,000-5,000) of 
cercariae of noblei obtained from a naturally infected 
snail, Lymnaea stagnalis. Infected larvae were then 
isolated and were maintained in aquaria containing aerated 
pond water. Some of these infected larvae were then 
exposed to additional cercariae to study the effect of 
I 
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challenge infections. In each of these experiments, con­
ducted at 1, 3, 5 and 7 days after initial exposure, 30 
previously infected larvae were given challenge infections 
of 2" noblei. This was done to determine if the longevity 
of initial infections might affect the host's defense 
reactions to subsequent exposure of noblei. Controls 
for this experiment consisted of the same number of previ­
ously noninfected Chaoborus larvae. Total numbers of 
metacercariae were counted and recorded for each larva 
before and after challenge infections. 
Results of these experiments (see Table 13), the 
recovery of 4,025 and 3,916 metacercarie, respectively, from 
larvae challenged with additional metacercariae and from 
their controls, demonstrate the inability of Chaoborus 
larvae to elicit humoral (antibody-mediated) immune 
responses to challenge infections during the first seven 
days following initial infection. If any noncellular 
defense reactions to metacercariae of 2» noblei do occur, 
they do not appear to develop earlier than a week after 
the establishment of initial infections. 
Definitive Hosts 
The bursa of Fabricius, present in most young birds, 
is a dorsal evagination of the intestine and enters the 
cloaca just posterior to the openings of the urogenital ducts. 
It apparently functions as a lymphoid organ during early 
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Table 13. Comparison of numbers of P. noblei metacercariae 
recovered from Chaoborus larvae in challenge 
infections controls 
Total number of metacercariae recovered 
Challenge infections from each group of 30 Chaoborus larvae 
following initial Controls for 
infection Initial Challenge challenge 
(days) infection infection infection 
1 109 1,136 993 
3 84 913 848 
5 71 1,046 978 
7 51 930 1,097 
315 4,025 3,916 
life, but degenerates as the bird reaches sexual maturity. 
Since Glick, Chang and Jaap (1956) demonstrated the 
role of the bursa of Pabricius in antibody formation, con­
siderable data dealing with immunological functions of the 
avian thymus and bursa have accumulated. Further work on 
the effects of neonatal thymectomy and bursectomy on anti­
body formation led to the concept that transplantation 
immunity and humoral antibody production in chickens are 
Independent systems of immune response, and are under the 
influence of separate and distinct lymphoid organs. 
In a review of the mechanisms of antibody formation 
and delayed hypersensitivity in chickens, Singhal and 
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Rlchter (1968) concluded that immunity is initiated in the 
bone marrow of the chick. By "cellular seeding", antibody 
production then continues in the following sequence of 
organs: bursa of Pabricius, spleen, caecum and other 
organs of the chick's body. 
The development of the bursa can be inhibited hormonally 
by injection of an adequate dose of testosterone into the 
hen's egg on the 5th or 6th day of incubation (Meyer, Rao 
and Aspinall, 1959). This prevents lymphocytopoiesis and 
any subsequent lymphoid development of the bursa. If injec­
tion of this hormone is made on the 11th to 13th day follow­
ing incubation, the bursa develops, but lymphocytopoiesis 
is prevented (Warner and Burnet, I961). Most studies of 
immune responses in bursaless hosts have dealt with one or 
more of the following antigenic substances : gamma 
globulins, red blood cells, bovine serum albumin, spinal 
cord lipids or various bacterial and viral agents. 
Mueller £t (1962) reported the prevention of 
detectable antibody formation in chicks surgically 
bursectomized within 24 hours after hatching. Chickens, 
surgically bursectomized at the age of five weeks, demon­
strated slight reduction in antibody formation (Chang, 
Rheins and Winter, 1957 and Mueller, Wolfe and Meyer, I96O). 
However, more recent studies by Pierce, Chubb and Long (1966) 
and Cooper et al. (1966), indicated the presence of low levels 
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of antibodies in chicks treated in a similar manner. If 
surgical bursectomy is followed by irradiation within 24 
hours, no antibodies can be found in the seinim (Cooper 
et al., 1966).  
Challey (1962) and Long and Pierce (1963),  working 
with the coccidian Eimeria tenella, reported increased 
developmental rate and longevity of this protozoan in 
bursaless chicks when compared with infections in normal 
chicks. Similar results were observed by Parmer and 
Breitenbach (1968), working with Plasmodium lophurae. In 
addition, reference to the literature reveals no published 
accounts of the effects of bursaless hosts on helminth 
infections. 
Loss of experimental infections of Plagiorchis noblei 
after ten days post-exposure was repeatedly observed during 
this study. To determine if these losses were antibody-
mediated, normal and bursaless chicks were exposed to 
metacercariae of this fluke. 
To surgically remove the bursa, a scalpel is used to 
make a transverse incision, approximately 6-8 mm. long, 
between the upper cloacal lip and the pygostyle of the 
chick. Connective tissue is then removed with a forceps 
and the bursa separated from the dorsal cloacal wall. In 
the study noted below, this surgical procedure was following 
within 24 hours post-hatching. 
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Ninety chicks were divided into three age groups of 30 
birds each, namely: 1, 8 and 15 days. Each group contained 
15 bursaless and 15 normal chicks. Birds representing 
group A (Table 34) were an inbred strain purchased from 
the Department of Poultry Science at Iowa State University 
(Ames, Iowa). One day post-hatching, chicks were initially 
exposed to metacercariae. Those represented by groups B and 
C were single-cross, heavy broilers obtained from the DeKalb 
Hatchery (Roland, Iowa) and were initially exposed at the 
age of 8 and 15 days, respectively. 
Each host was fed four chironomids (Chironomus tentans) 
containing metacercariae of noblei. To ensure constant 
numbers of metacercariae in each midge, all hosts were 
carefully exposed to cercariae under similar conditions. 
All experimental and control animals involved were similar 
in length of exposure time to cercariae, number of cercariae, 
number of chironomids, time of day and amount of pond water 
in the finger bowl containing cercariae and chironomids. A 
second exposure of four chironomids was made to each of the 
90 hosts three days after the initial exposure. Chicks 
were killed and examined for adult flukes eight days fol­
lowing the second exposure. 
A comparison of the number of adult worms recovered 
from normal and bursaless hosts is presented in Table l4. 
Although the number of flukes recovered from bursectomized 
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Table 14. Comparison of the number of adult flukes recovered 
from normal and bursectomlzed (SBX) chicks exposed 
at three different ages to metacercariae of P. 
noblei 
Age of chicks at initial exposure 
Group a (1 day) Group b (8 days) Group c (15 days) 
sbx normal SbX normal sbx normal 
0 0 0 1 0 0 
1 0 3 0 0 0 
0 0 1 0 0 0 
0 0 0 0 0 0 
0 1 1 0 0 0 
0 1 10 14 0 0 
0 0 7 1 0 0 
0 1 0 0 0 0 
0 2 17 0 0 0 
0 1 2 0 0 0 
0 0 1 1 0 0 
2 0 1 3 0 1 
0 1 11 5 0 0 
0 0 2 14 0 8 
0 0 0 _4 0 0 
3 7 56 43 0 9 
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hosts in group B represents a slight increase over the 
number of worms recovered from normal birds, bursaless hosts 
in groups A and C harbored fewer adult worms. Low incidence 
of infection in birds of group A is attributed to a highly-
resistant strain of chick. Although birds in both groups B 
and C were from a less resistant strain, reduction of P. 
noblei infections in birds representing group C appears to 
be due to increased host age. In additional experimental 
studies (not indicated in Table 14), infections could not be 
established in three-week old chicks. 
From these data, it is evident that the bursa of 
Pabricius appears to have little effect on the incidence of 
2. noblei in chicks experimentally infected with this fluke. 
In a personal communication (1970), Pried reported no change 
in the growth and developmental rate of Leucochloridiomorpha 
constantiae in bursaless chick hosts. 2- noblei as well as 
L. constantiae lack a histotrophic phase. This may explain 
the apparent absence of antibody-mediated immune responses 
by these avian hosts. Further studies are required to 
determine, however, if any immune response (perhaps in the 
form of delayed hypersensitivity) occurs in chicks harboring 
P. noblei. 
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ECOLOGICAL CONSIDERATIONS 
Seasonal Periodicity of Adults 
Dogiel (1966) categorized parasites of migrating birds 
into four groups, namely: (l) ubiquitous species parasitizing 
their hosts throughout the year in southern (wintering grounds) 
and northern (nesting grounds) habitats; (2) southern forms 
infecting birds only in the wintering grounds; (3) northern 
parasites infecting their hosts only in the nesting habitats 
and (4) species infecting birds only during migration flights. 
During this three year study (1967-69),  130 red-winged 
and yellow-headed blackbirds were examined for natural infec­
tions of adult 2» nob lei. Sixty-two percent (80 of 130) 
harbored trematodes. Forty-eight of 93 (52 percent) red-
winged blackbirds and 32 of 37 (87 percent) yellow-headed 
blackbirds were infected. Monthly percentages of natural 
infections of these hosts are indicated in Graph 4. 
Birds were collected and examined weekly from the time 
they arrived in northwestern Iowa (April and May) until 
they migrated in the fall (August and September) to their 
southern wintering grounds. Of 19 red-winged blackbirds 
examined before May 10, only a single bird harbored one 
adult (immature) 2» noblei. The earliest natural infection 
of this trematode in yellow-headed blackbirds was recovered 
on May 25. These data suggest that birds migrating north­
ward in the spring are uninfected, and that infections are 
Graph 4. Natural infections of P. noblel in red-winged and yellow-headed 
blackbirds (1967-69) 
(3) 
AUG 
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acquired at the nesting ground. Infected gastropods (^. 
reflexa and L. stagnalis) or overwintering dragonfly naiads 
harboring metacercariae of noblei probably serve as 
sources of infection in the spring. 
Percentages of naturally infected blackbirds continue 
to increase through July; all nine yellow-headed blackbirds 
and 12 of l8 red-winged blackbirds examined in July were 
infected. This increase probably results from greater con­
sumption of naturally infected second intermediate hosts by 
these birds. 
After July, fewer red-winged and yellow-headed black­
birds were available for examination. Nearly all of them, 
having completed their nesting season by early August, had 
congregated in preparation for fall migration. Because the 
summer residence of many of these birds was unknown, only 
those in established territories were collected. 
Incidental studies to determine seasonal periodicity 
of a mammalian plagiorchiid, considered by some to be 
Plagiorchis vespertilionis, in six species of Iowa bats 
was also undertaken. Tree bats (Lasionycteris notivagans, 
Lasiurus borealis and Lasiurus cinereus) were collected 
from May through September, I965-I969. The majority of 
the three remaining species of nonmigratory bats (Eptesicus 
fuscus, Myotis lucifugus and Pipistrellus subflavus) were 
obtained from May to December; seven specimens were collected 
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in hibernation from January to April. 
Of 119 bats examined, during this five year period, 40 
(34 percent) harbored infections of a plagiorchiid thought 
to be Plagiorchis vespertilionis. Percentages of natural 
infections were lowest during the months of May through 
August but increased during late fall and early winter (Graph 
5). Of seven hibernating big brown bats (Eptesicus fuscus) 
examined from January to April, six contained 2* vespertilionis 
infections. Although additional hibernating chiropterans 
should be examined for confirmation, it appears that natural 
infections of Plagiorchis are not significantly reduced 
during hibernation. 
Feeding Habits of Definitive Hosts 
Orians (1966), working with nestling yellow-headed 
blackbirds, developed an ingenious method for retrieving 
food samples from the pharynx of living birds. Pipestem 
cleaners were placed around nestlings' necks, tight enough 
to prevent food from continuing into the esophagus, but 
loose enough to permit breathing. Invertebrates, which 
had been fed to the young by parents could then be removed 
from the nestlings' pharynx and taken into the laboratory 
for identification. 
To recover insects naturally fed to red-winged and 
yellow-headed nestling blackbirds in areas where natural 
infections of P. noblei were known to exist, a similar 
Graph 5. Plaglorchls (? vespertlllonls) Infections In six species of Iowa bats 
(1965-69) 
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procedure was undertaken using pipestem cleaners. Beige 
and grey cleaners were used for yellow-headed and red-
winged blackbirds, respectively. White cleaners were not 
used when it was found that parent birds removed their 
young from the nest if such cleaners were present. 
During July, 1969, & total of 44 food samples were 
taken from nestlings of various ages at roadside ponds in 
the vicinity of Iowa Lakeside Laboratory. Samples were 
taken from these birds at varying times between 6:00 a.m. 
and 9:00 p.m. (see Table 15) and the invertebrates present 
were tabulated. Of 23 food samples removed from nestling 
red-winged blackbirds, 8 (35 percent), 11 (48 percent) and 
12 (52 percent) of the samples contained grasshoppers, 
lepidopterous larvae and spiders, respectively. Insects 
representing orders Odonata and Diptera were the most 
abundant aquatic insects obtained from 21 food samples of 
yellow-headed blackbirds. 
In thepe ponds, odonates are probably the natural 
second intermediate hosts of P. noblei, for 19 of 21 food 
samples of yellow-headed blackbirds contained damselflies 
and dragonflies. Appendix C lists families of arthropods 
and molluscs represented in the 44 food samples as well as 
the age of nestling birds and the time of day when food 
samples were obtained. 
Plagiorchis noblei, like most species of the genus 
Table 15. Invertebrates obtained from food samples of 23 nestling red-winged and 
21 yellow-headed blackbirds 
Red-winged 
blackbirds 
Invertebrate groups Number of 
represented in samples samples % 
Class Insecta 
Order Collembola 
Order Odonata 
Order Orthoptera 
Order Hemiptera 
Order Homoptera 
Order Diptera 
Order Colepptera 
Order Lepidoptera 
Class Arachnida 
Order Araneida 
Class Gastropoda 
Order Pulmonata 
Order Stylommatophora 
Yellow-headed 
blackbirds Totals 
Number of Number of 
samples ^ samples % 
0 - 1  
2  8 .7  19  
8 23.8 5 
0 - 1  
0 - 6  
0 - 6  
1  4 .4  3  
11  47 .8  4  
12 52.1 2 
0 - 2  
1  4 .4  2  
4 .8  1 2 .3  
90 .5  21 47 .7  
23 .8  13 29 .5  
4 .8  1 2 .3  
28 .6  6 13 .6  
28 .6  6 13 .6  
14 .3  4 9 .1  
19 .0  15 34 .1  
9 .5  14  31 .8  
9 .5  2  4 .6  
9 .5  3  6 .8  
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whose life cycles are known (see Table l), exhibits little 
host specificity during its metacercarial stage. An array 
of aquatic insect genera may harbor metacercariae, as 
indicated by a series of feeding experiments summarized 
in Table l6. Of the numerous insect genera used as 
experimental hosts, six proved to be successful second 
intermediate host for P. noblei. It should be noted, how­
ever, that in some instances the number of insects exposed 
to cercariae was very limited and hence it may be that 
even more insect genera may carry the infection in nature. 
Failure of some birds and some mammals to become 
experimentally infected with P. noblei during this study 
may have resulted from one of the following conditions: 
(l) insufficient number of metacercariae fed to these 
vertebrates, (2) insufficient number of birds and mammals 
exposed to metacercariae, (3) physiological specificity 
and (4) ecological specificity. 
Table l6. Summary of insects involved as possible second 
intermediate hosts for P. noblei 
Natural infections 
Insects repre- Insects occurring 
sented in food in regions where 
samples from naturally defini-
Insect genera definitive hosts tive hosts occur 
Order Ephemeroptera 
Baetls 0 x 
Order Odonata 
Gomphus X X 
Aeschna x x 
Anax X x 
Libellula x x 
Lestes x x 
Ischnura x x 
Order Hemiptera 
Corisella 0 x 
Notonecta 0 x 
Belostoma 0 x 
Ranatra 0 x 
Order Coleoptera 
Dytiscus X x 
Order Diptera 
Chaoborus 0 0 
Culex 0 X 
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Experimental infections 
Approximate Established 
number of Genera harboring infections in 
insects exposed encysted meta- experimental 
to cercariae cercariae chicks 
< 5  X  0  
5-100 X X 
> 100 X X 
<5 X 0 
< 5  X  X  
< 5  X  0  
< 5  X  X  
< 5  0  0  
< 5  0  0  
< 5  0  0  
< 5  0  0  
< 5  0  0  
> 100 
< 5 
X 
X 
X 
0 
Table l6. (Continued) 
Natural infections 
Insects repre- Insects occurring 
sented in food in regions where 
samples from naturally defini-
Insect genera definitive hosts tive hosts occur 
Order Diptera (cont) 
Aedes 0 x 
Simulium 0 x 
Chironomus x x 
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Experimental infections 
Approximate Established 
number of Genera harboring infections in 
insects exposed encysted meta- experimental 
to cercariae cercariae chicks 
< 5  X  0  
< 5  X  0  
> 100 X X 
117 
DISCUSSION 
It is apparent that the major factor contributing to 
the problem in Identifying species of the genus P2agiorchis 
has been the lack of sound experimental data on host-induced 
morphological modifications. The present study, based on 
the careful examination of more than 1,500 experimentally 
developed adult 2- noblel, presents evidence that pronounced 
variation in the following morphological characters are 
commonly encountered: body size, relative sizes of digestive 
organs such as pharynx and esophagus, and of reproductive 
structures, as well as distribution of vitellaria. Unfortu­
nately, these characters continue to be used when "new" 
species of the genus Flagiorchis are published (more than 
30 additional "species" of this cumbersome genus have been 
described since 1959). This study provides evidence that 
the only valid morphological criterion for distinguishing 
species appears to be the relative diameters of oral 
sucker and acetabulum. However, with the sole exception 
of worms recovered from experimentally infected robins, 
egg size is also relatively constant within a given species. 
Supposed host specificity of adult worms has also been 
used in differentiating one species from another. In this 
study it was demonstrated that adult 2" noblel can be 
experimentally established in 17 species of birds and 
mammals. This apparent lack of host specificity in 
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laboratory Infections casts doubt in the use of this 
criterion alone for delineating species within the genus. 
It has been well established that more than one 
species of lymnaeid snail may serve as first intermediate 
host in the life cycle of a particular plagiorchiid (see 
Table l). The present study has shown that a similar lack 
of host specificity characterizes the metacercarial stage 
of P. noblei, for six genera of aquatic insects of the 
order Odonata and Diptera serve as second intermediate 
hosts. 
In nature, the close proximity of various aquatic 
birds (migratory and nonmigratory) and mammals known to 
harbor plagiorchiids, as well as the presence of varied 
invertebrates serving as first and second intermediates, 
would facilitate the occurrence of a particular species in 
a wide variety of hosts. Certainly, noblei infections 
do not appear to be limited by ecological or perhaps even 
behavioral barriers. It is of interest that the two most 
commonly encountered groups of definitive hosts harboring 
P. noblei are naturally infected passerine birds (yellow-
headed and red-winged blackbirds and purple martins) and 
experimentally infected mice and rats. Rodents and 
passerine birds are cosmopolitan in distribution and it 
seems entirely likely that under natural conditions, 2-
noblei may thus occur in both birds and mammals. 
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Because of pronounced morphological variations and 
the conspicuous lack of host specificity indicated above, 
the valid species of Plagiorchis are probably for less 
numerous than the literature indicates. Many of the species 
currently included within the genus will undoubtedly be 
shown to be invalid. It is indeed highly probable that 
noblei should be placed in synonymy with an earlier 
described species (perhaps with P. maculosus from barn 
swallows), for both are remarkably similar. Furthermore, 
the single adult recovered from a yellow-headed blackbird 
which had been fed metacercariae experimentally developed 
from eggs obtained from a bat, suggests that there may be 
no difference between certain plagiorchiids known to 
occur in these two vertebrate classes. Experimental data 
of this type emphasizes the necessity for a much needed 
extensive revision of the genus. Such a study, admittedly 
well beyond the scope of this thesis, will necessitate a 
comprehensive experimental approach, but will provide us 
with a more meaningful concept of the genus Plagiorchis. 
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SUMMARY AND CONCLUSIONS 
Plaglorchis noblel Park, 1936, a common bird trematode 
occurs in nature in at least 12 species of avian hosts 
representing two orders (Passeriformes and Charadriiformes) 
and five families (Corvidae, Hirudinidae, Icteridae, 
Laridae and Tyrannidae). Of 235 birds examined, 44 per­
cent were infected, including 87 percent of all yellow-
headed blackbirds (Xanthocephalus xanthocephalus) and 
88 percent of all purple martins (Progne subis). As many 
as 80 worms may occur within a single definitive host. 
Mammalian hosts harboring a plagiorchiid, probably of 
the same species, include the muskrat (Ondatra 
zibethicus) and six species of Iowa bats. 
Lymnaeid snails, Lymnaea stagnalls (a new host record) 
and Stagnicola reflexa support sporocyst and cercarial 
generations. Eggs are infective 3-1/2 to 84 days after 
having been shed. Of 2,691 S_. reflexa examined in 
I 
nature, 22 (0.82 percent) harbored cercarial infections; 
19 of 1,670 (1.13 percent) L. stagnalis were naturally 
infected. Cercarial infections are heaviest In August 
and September. 
Cercarial longevity is greatly affected by temperature. 
At 4, 16 and 30° C., cercariae survived for 10 days, 
90 hours, and I8 hours, respectively. The ability of 
cercariae to penetrate second intermediate hosts 
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decreases with increasing temperature. 
5. Cercariae exhibit nocturnal periodicity; of 10,957 
cercariae shed from three naturally infected snails, 
72 percent emerged between 8:30 p.m. to 5:30 a.m. 
6. Metacercariae exhibit little host specificity, and may 
develop in at least six genera of insects. In dragonfly 
naiads (Aeschna), metacercariae are infective after 66 
hours and may retain their viability for at least 80 
days. 
7. Metacercariae in Chaoborus larvae and adults in 45 
bursectomized chicks (Gallus gallus) failed to elicit 
any detectable humoral (antibody) response. 
8. Data resulting from food samples recovered from nestling 
red-winged and yellow-headed blackbirds indicate that 
odonates serve as the principal natural second inter­
mediate hosts for P. noblei in Iowa. 
9. Examination of 1,500 laboratory-reared adults from 17 
species of birds and mammals reveals the unreliability 
of body size, size of suckers, position of oral sucker, 
length of esophagus, size and position of gonads, extent 
of vitellaria and size and position of cirrus sac as 
taxonomic characters. Stable characters include size-
ratio of suckers and egg size. Certain morphological 
variations may also result from the type of second 
intermediate host employed. 
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10. Longevity of adult Infections varies in different 
experimental birds, e.g., 9, 40 and 6l days in domestic 
chicks, red-winged blackbirds and house sparrows, 
respectively. Likewise, adults reach sexual maturity 
at different ages In various definitive hosts: 5 days 
in red-winged blackbirds, 6 to 7 days in domestic 
chicks and 8 to 9 days in rats. 
11. Experimentally developed adults demonstrate a sur­
prisingly low degree of specificity, especially in 
gallinaceous and passerine birds. Of 364 representing 
51 species, 35 families, 19 orders and 5 classes of 
definitive hosts. Infections were established in 15 
species of birds (12 families and 4 orders) and In 2 
species of mammals (rats and mice). 
12. When eggs from an adult bat plagiorchlid were experi­
mentally developed to the metacercarial stage and 
subsequently fed to a yellow-headed blackbird, a single 
adult indistinguishable from laboratory-reared P. noblel 
was recovered. It is hence likely that a given plagior­
chlid species in nature may Infect birds as well as 
mammals. 
13. The marked morphological variation and lack of host 
specificity experimentally documented during this study 
indicate that P_. noblel is probably not a valid species, 
and that the entire genus requires thorough revision 
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based largely on experimental data on host-induced 
morphological modifications. 
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APPENDIX A. COMMON AND SCIENTIFIC NAMES 
OF VERTEBRATES MENTIONED IN TEXT 
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Pish 
Order Cyprinodontiformes 
Family Poecillidae 
Guppy (Lebistes reticulatus) 
Sailfin mo21y (Molllenisla velifera) 
Order Cypriniformes 
Family Catostomidae 
White sucker (Catostomus commersonl) 
Family Ictaluridae 
Black bullhead (Ictalurus natalis) 
Amphibians 
Order Urodela 
Family Ambystomidae 
Tiger salamander (Ambystoma tigrinum) 
Order Anura 
Family Ranidae 
Leopard frog (Rana pipiens) 
Reptiles 
Order CheIonia 
Family Chelydridae 
Snapping turtle (Chelydra serpentina) 
Family Emydidae 
Painted turtle (Chrysemys picta) 
Order Squamata 
Family Colubridae 
Common garter snake (Thamnophis slrtalis) 
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Order Podicipediformes 
Family Podicipedidae 
Pied-billed grebe (Podilymbus podiceps) 
Order Pelecaniformes 
Family Pelecanidae 
White pelican (Pelecanus erythrorhynchos) 
Order Anseriformes 
Family Anatidae 
Subfamily Anserinae 
Tribe Anserini 
Canadian goose (Branta canadensis) 
Subfamily Anatinae 
Tribe Cairinini 
Muscovy duck (Cairina moschata) 
Tribe Anatini 
Mallard (Anas platyrhynchos) 
Blue-winged teal (Anas discors) 
Tribe Oxyurini 
Ruddy duck (Oxyura jamaicensis) 
Order Galliformes 
Family Meleagrididae 
Domestic turkey (Meleagris gallopavo) 
Family Phasianidae 
Domestic chicken (Gallus gallus) 
Ring-necked pheasant (Phasianus colchicus) 
Japanese quail (Coturnix coturnix) 
Order Ciconiiformes 
Family Ardeidae 
Least bittern (Ixobrychus exilis) 
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Black-crowned night heron (Nycticorax nycticorax) 
Order Gruiformes 
Family Rallidae 
Sora (Porzana Carolina) 
American coot (Pulica americana) 
Order Charadriiformes 
Family Charadriidae 
Killdeer (Charadrius vociferus) 
Family Scolopacidae 
Solitary sandpiper (Tringa solitaria) 
American woodcock (Philohela minor) 
Spotted sandpiper (Actitis macularia) 
Long-billed dowitcher (Limnodromus scolopaceus) 
Family Phalaropodidae 
Northern phalarope (Loblpes lobatus) 
Family Laridae 
Black tern (Chlidonias niger) 
Franklin's gull (Larus pipixcan) 
Ring-billed gull (Larus delawarensis) 
Order Columbiformes 
Family Columbidae 
Rock dove (Columba livia) 
Mourning dove (Zenaidura macroura) 
Order Cuculiformes 
Family Cuculidae 
Yellow-billed cuckoo (Coccyzus americanus) 
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Order Striglformes 
Family Strigidae 
Great horned owl (Bubo virginlanus) 
Order Apodiformes 
Family Apodidae 
Chimney swift (Chaetura pelagica) 
Order Psittaciformes 
Family Psittacidae 
Zebra parakeet (Melopsittacus vindulatus ) 
Order Coraciiformes 
Family Alcedinidae 
Belted kingfischer (Megaceryle alcyon) 
Order Piciformes 
Family Picidae 
Downy woodpecker (Pendrocopus pubescens) 
Red-headed woodpecker (Melanerpes erythrocephalus) 
Yellow-shafted flicker (Colaptes auratus) 
Order Passeriformes 
Family Tyrannidae 
Eastern kingbird (Tyrannus tyrannus) 
flycatcher (Empidonax sp.) 
Family Hirundinidae 
Barn swallow (Hirundo rustica) 
Cliff swallow (Petrochelidon pyrrhonota) 
Tree swallow (Iridoprocne blcolor) 
Bank swallow (Riparla rlparia) 
Purple martin (Progne subis) 
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Family Corvidae 
Blue jay (Cyanocltta cristata) 
Family Paridae 
Black-capped chickadee (Parus atrlcaplllus) 
Family Troglodytidae 
House wren (Troglodytes aedon) 
Family Mimidae 
Brown thrasher (Toxostoma rufum) 
Family Turdidae 
Robin (Turdus migrâtorlus) 
Family Vireonidae 
Red-eyed vireo (Vireo olivaceus) 
Family Parulidae 
%Ttle warbler (Dendroica coronata) 
Northern waterthrush (Selurus noveboracensls) 
Family Plocidae 
House sparrow (Passer domesticus) 
Family Icteridae 
Common grackle (Quiscalus quiscula) 
Bobolink (Dolichonyx oryzivorus) 
Western meadowlark (Sturnella neglecta) 
Yellow-headed blackbird (Xanthocephalus 
xanthocephalus) 
Red-winged blackbird (Agelalus phoeniceus) 
Brewer's blackbird (Euphagus cyanocephalus) 
Brown-headed cowbird (Molothrus ater) 
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Family Frlngillldae 
Indigo bxinting ( Passerlna cyanea) 
American goldfinch (Spinus tristis) 
Swamp sparrow (Melospiza georglana) 
Canary (Serlnus canaria) 
Mammals 
Order Chiroptera 
Family Vespertllionidae 
Little brown bat (Myotis lucifug-gs ) 
Silver-haired bat (Lasionycteris noctivagans) 
Eastern piplstrel (Plplstrellus subflavus) 
Big brown bat (Epteslcus fuscus) 
Red bat (Laslurus borealis) 
Hoary bat (Laslurus clnereus) 
Order Rodentia 
Family Sciuridae 
Eastern chipmunk (Tamlas striatus) 
Family Cricetidae 
Deer mouse (Peromyscus maniculatus) 
Muskrat (Ondatra zibethicus) 
Mongolian gerbll (Merlones unguiculatus) 
Family Muridae 
Norway rat (Rattus norvegicus) 
House mouse (Mus muscuius) 
142 
Order Carnivora 
Family Canidae 
Domestic dog 
Family Felidae 
Domestic cat 
(Canis famillaris) 
(Felis catus) 
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Invertebrates 
Chlronomus tentans (midge) 
To initiate a culture of this species of midge, adults 
are captured from well lighted windows of buildings near 
water. Several males and females are placed in each of 
several closed test tubes containing pond water. One day-
after mating, crescentic egg masses are laid in the water. 
At room temperature, these hatch into larvae after four or 
five days. 
Pirst-instar larvae are placed in glass covered trays 
containing a substrate of half an inch of autoclaved pond 
mud and one to two inches of aerated water. Addition of 
filamentous algae and diatoms facilitates the growth of 
these larvae. Under ideal conditions, the life history of 
this nematocerous dipteran requires approximately 3-4 
weeks. Adults can be collected from the trays soon after 
they emerge and then mate to initiate another cycle. 
Cultures of C_. tentans can also be established with 
larvae collected in nature. These are reared in covered 
trays until the insects emerge as adults. Males and 
females are then transferred to test tubes and procedures 
are similar to those indicated above. Because species 
other than C. tentans will not mate in captivity but re­
quire cGcplex mating swarms, cultures require the collec­
tion of fertilized females in nature. 
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Musca domestlca (housefly) 
The following technique is used by the insectary of 
the Department of Zoology and Entomology, Iowa State Univer­
sity. 
Equipment and supplies 
CSMA fly larvae medium from Ralston Purina Co., 
2334 Rochester, Kansas, Missouri 64120 (approxi­
mately $2.90/50 lb. bag) 
Fleishman's nondiastatic dimalt from Standard 
Brands, 4320 Second Avenue, Des Moines, Iowa 
(approximately $11.00/5 gallons) 
Dry yeast 
Sugar and evaporated milk 
Fine sand 
Sieves 
Stone Jars and covers 
Screen cages 
Room temperature held at 80° P. and 50 percent 
humidity 
Procedure 
1. Prepare in advance a malt solution (5oo ml in 
1000 ml water) and a yeast solution (4 oz in 
1100 ml water). 
2. Mix about one quart of CSMA. medium and 30 ml 
malt solution together with 45 ml of yeast 
solution and 6oo ml of water. Place these 
ingredients in a stone jar, cover with cheese­
cloth, and allow to stand for one day. 
3. Place 7 ml water in a 10 ml graduated cylinder. 
Add approximately 1-1/2 ml of fly eggs. Pour 
this mixture of eggs and water into the stone 
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jar mentioned in step no. 2. Eggs should be 
placed approximately one-half inch below the 
surface. Cover jar. 
After two or three days, pour about one cup 
of fine sand over the contents of the jar. 
Larvae will migrate into or above the sand to 
pupate, making their separation from the medium 
relatively easy. 
Pupae may now be separated from the sand by 
using sieves. Pupae are then placed in 
screened cages and adults emerge several days 
later. 
Adult flies are fed a 1:1 mixture of evaporated 
milk and water; a teaspoon of sugar is added. 
This mixture is placed in a small glass jar, 
covered with four layers of cheesecloth secured 
with a rubber band. Place inverted jar on top 
of screened cage with an additional piece of 
plastic window screen between jar and cage. 
A few days later, eggs will appear on the 
screen and cheesecloth. These eggs may then 
be collected, placed in the graduate cylinder 
(see step no. 3), and the cycle continued. 
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Vertebrates 
Catostomus coimnersonl (white sucker) 
Adult white suckers were collected from the Skunk River 
in April with electric shocking apparatus. Gametes, stripped 
from these adults were placed in a plastic pail containing 
river water. After fertilization, eggs were washed, allowed 
to remain in river water for two hours to harden, and were 
then taken into the laboratory and incubated in commercial 
hatching jars at 59-61° F. 
After eight days of incubation, the eggs hatched and 
the fry were transferred to separate aquaria. When the 
yolk sac had disappeared, fry were fed brine shrimp 
(Artemla salina) daily. Commercial fish pellets were sub­
stituted for the brine shrimp after fish were large enough 
to Ingest the pellets. Fish were maintained in aerated 
river water at 65-70° P. 
Rana pipiens (leopard frog) 
Eggs of Rana pipiens were collected in nature or ob­
tained from female frogs by standard injections of 
pituitary extracts (Rugh, 1948). After the eggs were 
fertilized at room temperature, they were incubated in 
previously aerated pond water and maintained at l8° C. 
At this temperature, approximately 170 hours (7 days) of 
incubation are required for tadpoles to hatch. Recently 
hatched tadpoles were transferred to aquaria containing 
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two or three inches of water and were fed spinach (thoroughly-
washed) and commercial fish food. 
Vestigial-winged fruit flies (Drosophila) were fed to 
recently metamorphosed adults maintained in large oval 
fiberglass tanks containing 1/2 inch water. House flies 
were substituted as food when frogs were large enough to 
eat them. Once a week, frogs were force fed liver dipped 
in cod-liver oil and bone meal. To prevent bacterial 
disease, water was changed frequently and a fungicide 
(Mycostatin) was added to the water. 
Turtles 
Eggs of snapping, painted and Blanding's turtles were 
removed from the oviduct in June and were incubated in a 
layer of sand approximately 6-8 inches below the surface of 
the ground, preferably on the south side of a building. 
During period of drought, water was added to the sand to 
prevent desiccation. 
Young turtles, emerging from the sand in August or 
September were placed in aquaria or fiberglass tanks con­
taining a substrate (sand) and approximately one or two 
inches of water. Turtles were fed liver and commercial 
turtle food two or three times weekly. 
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Birds 
In this study, the following diet was used for rearing 
all nongalllnaceous birds, under laboratory conditions: 
12 ounces of boneless dog food 
3 ounces fish-flavored cat food (optional) 
2-3 drops of multl-vltamlns 
1 package unflavored gelatin 
6 tablespoons oatmeal 
3 tablespoons cornmeal 
3 tablespoons corn oil 
1/4 cup powdered milk 
1 teaspoon calcium chips 
1 tablespoon sterilized soil 
Water is added to the above ingredients until the food can 
be formed into pellets. Prior to feeding, these pellets 
are dipped into water and then placed in the bird's pharynx. 
Whenever possible, laboratory-reared insects (houseflies, 
mealworms, cockroaches, etc.) and earthworms (previously 
frozen) supplemented the above diet. 
Eggs collected in nature were incubated at approxi­
mately 101° F. until hatching; when they were sprinkled 
with water and rotated daily, hatching success Increased. 
After hatching, atrlclal birds (sparrows, robins, 
meadowlarks, etc.) were not fed during the first 24 hours. 
After remaining in the hatching Incubator for one to two 
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days, the nestlings were placed in artificial nests 
(perforated plastic bowls) and transferred to a specially 
designed incubator (Figure 53) for rearing. Approximately 
half of this incubator was constructed of 1/4 inch mesh 
wire screening (E). The remainder consisted of a plywood 
enclosure (A) housing the heating unit, a commercial heating 
pad (B). The heating pad was supported by layers of cheese­
cloth (C) held in place by a wooden frame and installed at a 
45° angle. This simple piece of equipment permitted birds 
when hatched to be fed readily under normal conditions of 
light and without the necessity of removing them from the 
cage. Furthermore, it enabled them to select suitable areas 
of warmth because of the positioning of the heating unit. 
Birds were fed at 15-20 minute intervals for I8 hours each 
day until they reached fledgling stage. Proportion of dog 
food to cornmeal decreased as the birds matured. Recently 
hatched precocious birds (domestic chickens, pheasants, 
turkeys, killdeers, etc.) were fed 26 percent Grain Balancer, 
game-scratch and insects beginning at the age of one day. 
With the exception of passerine birds (swallows and 
martins) which feed in flight, all mature birds used in 
this study were maintained on dog food pellets or on 26 per­
cent Grain Balancer, game-scratch and water. Frequently, 
killdeers were also fed Insects. Swallows and martins 
were hand fed food consisting of the above diet. 
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APPENDIX C. EFFECTS OF FLATTENING AND FIXATION 
Table 17. Variations in measurements (in u ) of 23 adult P. noblel (recovered 
from an experimentally infected chick), based on various methods of 
flattening and fixation^  
Methods of flattening and fixation 
A B c D E P G H I J K L Range 
Body length 
1550 
1660 
1800 
1210 
1010 
1470 
1380 
1370 
1370 
1490 
1530 
1730 
1740 
1320 
1430 
1750 
1800 
1550 
1710 
1350 
1300 
2060 
2090 
1010-
2090 
Body width 
370 
560 
600 
380 
350 
420 
370 
300 
300 
340 
270 
370 
330 
310 
310 
460 
520 
370 
380 
280 
290 
500 
750 
270-
750 
Oral sucker 
lenth 158 
173 
182 
160 
162 
138 
149 
131 
138 
133 
133 
160 
153 
140 
140 
164 
173 
153 
147 
187 
140 
180 
191 
127-
191 
Oral sucker 
width 160 
195 
198 
164 
135 
144 
120 
140 
144 
133 
129 
162 
149 
135 
140 
171 
178 
151 
142 
127 
127 
200 
213 
120-
213 
Acetabulum 
length 132 
153 
173 
138 
127 
127 
115 
120 
124 
118 
115 
127 
127 
l4o 
120 
133 
142 
135 
122 
109 
118 
160 
178 
109-
178 
Acetabulum 
width 132 
157 
171 
147 
135 
129 
124 
120 
122 
118 
111 
127 
129 
113 
118 
142 
144 
124 
120 
104 
115 
160 
178 
111-
178 
Pharynx, length 
81 
84 
87 
91 
95 
87 
92 
73 
80 
87 
91 
78 
73 
82 
78 
80 
93 
80 
80 
67 
71 
120 
133 
67-
133 
Pharynx width 
92 
93 
107 
107 
87 
80 
84 
71 
75 
89 
84 
73 
78 98 
89 
87 11 113 124 71-124 
*See Table 4. 
Table 17. (Continued) 
Methods of flattening and fixation 
A B C L E P G H I J K L Range 
Cirrus sac 
length 361 
421 
432 
342 
349 
322 
282 
322 
295 
355 
377 
360 
400 
311 
333 
388 
400 
466 
389 
299 
388 
477 
511 
282-
511 
Cirrus sac 
width 48 
55 
62 
58 
51 u 42 42 40 33 38 27 44 47 38 40 tl 38 36 62 64 11 
length 
133 
173 
204 
109 
111 
131 
118 
111 
127 
115 
140 
151 
140 
100 
113 
131 
138 
151 
133 
89 
120 
164 
144 âï 
width 
104 167 
100 
91 
115 
100 
95 
100 
82 
87 
113 
109 
80 
80 
107 
138 
138 
98 
62 
98 
138 
135 
62-
167 
Tg length 
126 
178 
206 
118 
108 
149 
133 
124 
147 îi 
160 
178 
118 
129 
118 
115 
CO 
LO 
C
O
LO 
1—i 
1—i 98 
129 
180 
198 
98-
206 
Tg width 
104 
151 
162 
104 
86 
131 
78 
89 
100 
53 
78 
122 
100 
73 
73 160 
107 
84 
69 
95 
133 
147 
53-
162 
Ovary length 
108 
175 
173 
135 
113 
111 
151 
135 
129 
133 
124 
151 
153 
115 
118 
129 
142 
151 
133 
120 
124 
171 
186 
108-
186 
Ovary width 
99 
169 
167 
131 
140 
122 
118 
115 
115 
102 
93 
120 
100 
82 
89 
118 
133 
135 
107 
89 
111 
146 
151 
82-
167 
Eggs length 
36 
38 
36 
40 
38 
38 
36 
38 
36 
38 
36 
38 
38 
38 
38 
41 
36 
36 
36 
36 
36 
38 
36 
36-
41 
Table 17. (Continued) 
Methods of flattening and fixation 
% B S D E F 5 IÎ I J K E Range 
Eggs width 18 20 20 l8 20 20 20 20 20 18 20 l8-
18 18 17 20 18 18 20 18 22 20 18 20 22 
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Table l8. Families of arthropods and uolltiscs represented 
in 44 food samples recovered from red-winged 
and yellow-headed nestlings 
Red-wirmged Yellow-headed 
Families blackblSlrd s blackbirds 
Number of food samples 23 21 
Order Collembola 
E n t omo br jr ida e 
Order Odonata 
Coenagrionidae 2 14 
Lestidae - 10 
Aeschnidae - 2 
Libellulidae - 1 
Order Orthoptera 
Acrididae 5 
Gryllidae 3 
Tettigoniidae 1 
Order Hemiptera 
Gerridae 
Order Homoptera 
Cercopidae - 5 
Cicadellidae - 2 
Order Diptera 
Dixidae - 2 
Chironomidae - 1 
Syrphidae - 4 
Order Coleoptéra 
Dytiscidae - 1 
Heteroceridae - 1 
Curculionidae 1 2 
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Table l8. (Continued) 
Red-winged Yellow-headed 
Families blackbirds blackbirds 
Order Lepidoptera 
Noctuidae 11 4 
Order Pulmonata 
Planorbidae - 1 
Order Stylommatophora 
Succineidae 1 2 
Order araneae 
Lycosidae 
Agelenidae 
3 
10 
1 
2 
Table 19. Families of arthropods and molluscs represented In 44 food samples 
recovered from red-winged and yellow-headed nestlings of varying ages 
Ages of nestlings (days) 
Families 7:^  ^^ 9^ 9-10 10-1Ï 15^ 33 
Number of samples 1 8 3 6 2 3 1 5  3 2 1 
Order Collembola 
Entomobryidae - 1 - - - - -
Order Odonata 
Coenagrionidae 5 11-1-4 2 1 1 
Lestidae 1—1 — 1 — 3 2 1 1 
Aeschnidae — — — — — 1 — 1 — — 
Libellulidae —————— 1 — — — 
Order Orthoptera 
Acrididae 3-2-3-2 - 1 1 
Gryllidae ——12 — — — — — — 
Tettigoniidae - - - - 1 - -
Order Hemiptera 
Gerridae —— — — — — — — — 1 
Order Homoptera 
Cercopidae —— — — — — 5 — 1 — 
Cicadellidae —————— 2 — — — 
Table 19. (Continued) 
Ages of nestlings 
Families 5^ 5%? 9-10" lô-il 11-12 12-13 
Order Diptera 
Dixidae 
Chironomldae 1 
Syrphldae 2 
Order Coleoptera 
Dytiscidae 
Heteroceridae 
Curculionidae 
1 
1 1 
Order Lepidoptera 
Noctuidae 8 12 11 
Order Pulmonata 
Planorbidae 
Order Stylommatophora 
Succineidae 1 
Order Araneae 
Lycosidae 
Agelenidae 
2 
5 
1 
4 
1 
1 
Table 20. Familles of arthropods and molluscs represented 
in 44 food samples recovered from red-winged and 
yellow-headed nestlings at various times of day 
Red-winged blackbirds 
0:00-11:00 11:00-4:00 4:00-9:00 
Families a.m. a.m. a.m. p.m. p.m. p.m. 
Number of samples 
recovered 15 
Order Collembola 
Entomobryidae 
Order Odonata 
Coenagrionidae - 2 
Lestidae 
Aeschnidae 
Libellulidae 
Order Orthoptera 
Acrididae 
Gryllidae 
Tettigoniidae 
5 1 
3 
1 
Order Hemiptera 
Gerridae 
Order Homoptera 
Cercopidae 
Cicadellidae 
Order Diptera 
Dixidae 
Chironomidae 
Syrphidae 
I6l 
Yellow-headed blackbirds 
6:00-11:00 11:00-4:00 4:00-9:00 
a.m. a.m. a.m. p.m. p.m. p.m. 
8 
4 
3 
5 
3 
2 
2 
5 
1 
1 
1 
Table 20. (Continued) 
Red-winged blackbirds 
6:00-11:00 11:00-4:00 4:00-9:00 
Families a.m. a.m. a.m. p.m. p.m. p.m. 
Order Coleoptera 
Dytiscidae 
Heteroceridae 
Curculionidae 1 
Order Lepldoptera 
Noctuidae 9 3 
Order Pulmonata 
Planorbidae 
Order Stylommatophora 
Succineidae 
Order Araneae 
LycosIdae 
Agelenidae 
2 
9 
1 
2 
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Yellow-headed blackbirds 
5:00-11:00 11:00-4:00 4:00-9:00 
a.m. a.m. a.m. p.m. p.m. p.m. 
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APPENDIX E. PLATES 
Plate I 
Figures 1-22. Morphological variations of selected gravid 
P. noblei from various species of experi­
mental definitive hosts (All drawn to scale 
shown in Figure 22) 
A. (Figures l-ll) Variations in body size 
and extent of vitellaria 
B. (Figures 12-22) Variations in size-
ratios between suckers and gonads 
House sparrow Chicken Sora 
Robin Norway rat American goldfinch Black tern Tree swallow 
Eastern kingbird Turkey Tree swallow 
A 
B 
& 
% 
f 
m 
ujoigo 
Plate II 
Figures 23-28. Morphological variations of selected adult 
L* noblei experimentally reared in three 
species of definitive hosts (All drawn to 
scale shown in Figure 28) 
Figures 23-24. 
Figures 25-26. 
Figures 27-28. 
Nine-day old adults from 
domestic chickens (Gallus 
gallus). Note distribution 
of viteliaria and size of 
gonads 
Eight-day old adults from 
eastern kingbird, Tyrannus 
tyrannus. Note variations 
in size of testes and course 
of uterus 
Eight-day old adults from 
robin, Turdus mlgratorius. 
Note distribution of 
vitellaria 
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Plate III 
Figure 29. Typical 2- noblel adult from red-winged black­
bird, natural infection (Drawn to scale shown 
in Figure 31) 
Figures 30-31. Adult noblei from experimentally infected 
chicks (Both drawn to scale shown in Figure 31) 
Figures 32-35- Variations in different ages of adult P. 
noblei experimentally reared in chickens {All 
drawn to scale shown in Figure 35) 
Figure 30. Adult from metacercaria reared in 
damselfly naiad (Coenagrion) 
Figure•31. Adult from metacercaria in dragonfly 
naiad (Aeschna) 
Figure 32. Four-day old adult 
Figure 33. Seven-day old adult 
Figure 34. Thirty-four day old adult 
Figure 35. Sixty-one day old adult 
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Plate IV 
Figure 36. Diagrams of fourth-instar Chaoborus larva 
showing body regions (a-d) used in studies on 
localization of P. noblei metacercariae 
Figures 37-39- Variations in position of oral sucker in 
experimentally reared nine-day old adult 2» 
noblei from the Norway rat (Rattus norveglcus) 
(All drawn to scale shown in Figure 39) 
Figures 40-43. Variations in size and position of cirrus 
sac of nine-day old noblei from an experi­
mentally infected rat, Rattus norveglcus (All 
drawn to scale shown in Figure 43) 
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Plate V 
Figures 44-47. Various sites of development of 2» noblei 
metacercariae in insect second intermediate 
hosts 
Figure 44. 
Figure 45. 
Figure 46. 
Figure 47. 
Metacercaria in rectal gill of 
dragonfly naiad (Aeschna) 
Metacercaria in compound eye 
of fourth-instar Chaoborus larva 
Metacercariae beneath integument 
of a midge (Chironomus tentans) 
larva 
Metacercaria in body wall 
musculature of dragonfly naiad 
(Aeschna) 
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Plate VI 
Figure 48. Map of collecting areas in Dickinson County, 
Iowa 
1. Center Lake 
2. East Okoboji 
3. Iowa Lakeside Laboratory 
4. Jemmerson Slough 
5. Roadside ponds 1-1/2 miles west of Milford, 
Iowa 
6. Spirit Lake 
7. West Okoboji 
(Nos. 9, 32 and 71 refer to Iowa highways) 
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Plate VII 
Figures 49-52. Collecting areas 
Figure 49. Roadside pond, 1-1/2 miles west of Mllford, Iowa 
Figure 50c Jemmerson Slough, Dickinson County, Iowa 
Figure 51. Tertiary pond, Ames Municipal Sewage Plant, Story 
County, Iowa 
Figure 52. Garlock Slough, south end of West Okobojl, Dickinson 
County, Iowa 
178 
Plate VIII 
Figure 53. Incubator designed for rearing experimental 
avian hosts 
A. One-fourth inch plyv/ood cover 
B. Electric heating pad 
C. Layers of cheesecloth for support of 
heating pad 
D. One-fourth inch mesh screen floor 
E. Enclosure constructed of one-fourth inch 
mesh screen 
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